re pn eed RAN is ns eae A 








. is jos ala \ me It NW Ka TI Se roow 7 SZSZs SS TNS wlio ont Ns win? Santa ap NSS (fe “os a. <x wir) rT Ne ops ING S ide “4 








EERS 


ee 











FLO NV LY NV AID 





























Zz 
a 
rs 
/ A 
° Z il 
< =F | es) 
z i be HG 
rs" — A ENS 
= - . ti ~ i 
= ‘Sse -¥- Pa 
= a a } 
- e—_ eZ , /n\\ } 
fed ~ cs | < r 
7 O = « in 
/ 3 — y ~~ 
z | Le ih} al 
~ ~— ars) 
=F: | al 
e = | ae 
wr HW Sh 
J Hh = 
_ ' an | 
~~ foie = iI 
A. = 
~yy 








vy) 
a % 
3 
- 
ox 
= 
be 
QO. —_ 
Z ad 
<. oa , 
— 
: z = 
} = - 
z = E 
t a 
= . 
e 
> 
9 J 
Z = 
< - 
- > 
— iA 
<< 
a 

















ee eee ee =. eee ee. ee eee, ee eee. 





Nyaa NOG MAE ENEEEIA KNOPF ONE, BADD IONE RAID INEL DAL NELEPIIB NEAL DON HCP ONEORID ONLODAIP NO PAP)ENEL LAI Pe NEGRIL NECDOIL ENMPSTS 








ee BZ 
~ ~ 4 
hs oy) 
, Pes al 2 
5 
| ee — =f 
baie PTET INT PANE C/ eC AW ERT ANC Ls tela Os = ENE CCP NEES NCES Paet scree se’ i ae CANOES FOU RF NE C/T AER So FeV | (an Pate C/rc FeV ata Cresent 
5 , ht hen 2 a ay ee 
+ 





ADVERTISING SECTION 


MrCHANICAI 
I;NGINEERING 











Linde Engineering Service 


for Linde Users 


Linde users seldom fail to save time and money by availing 
themselves of Linde Engineering Service. 


Better standards of practice are 
often suggested. New applications 
are pointed out. The vexing prob- 
lem may be a common one which 
Linde has helped to solve many 
times. 

The field work with Linde users 
is carried on through the District 


Sales Office in that locality, and is 
based upon the vast knowledge of 
the whole Linde organization in the 
uses of oxygen, resulting from many 
years’ experience. The resources of 
the Linde Engineering Staff and 
Research Laboratories are called 
upon when necessary. 


For your convenience 31 plants and 58 warehouses 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Building, 30 East 42d St., New York City 


The Largest Producer of Oxygen in the World 


District Sales Offices: 


Atlanta Chicago Detroit New Orleans Pittsburgh 
Baltimore Cleveland Kansas City New York San Francisco 
Boston Dallas Los Angeles Philadelphia Seattle 
Buffalo Milwaukee St. Louis 


LINDE OXYGEN 















































Mechanical Engineering 


The Monthly Journal Published by 


The American Society of Mechanical Engineers 


Publication Office, 207 Church Street, Easton, Pa. Editorial and Advertising Departments at the 


Headquarters of the Society, 29 West Thirty-ninth Street, New York 





Volume 45 October, 1923 Number 10 





CONTENTS OF THIS ISSUE 


The Control of Civil Aviation J. A. Wilson 

Blended Fuels for Automotive Engines J. C. Smallwood 
Endurance-Test Data and Their Interpretation K. Heindlhofer and H. Sjovail. 
Bending Stresses in Curved Tubes of Rectangular Cross-Section S. Timoshenko 

Strength of Bolt Threads as Affected by Inaccurate Machining G. M. Deming 

Chip Formation by Milling Cutters C.F. Roby 

The Development and Importance of Preferred-Number Series IH. Tornebohm 


Test Code for Locomotives 
Phases of Management 


DEPARTMENTAL 


Survey of Engineering Progress . 589 Editorials 
Correspondence 611 Engineering and Industrial Standardization 
Work of A.S.M.E. Boiler Code Committee 612 Library Notes and Book Reviews 

The Engineering Index ...113-EI .Late Items.... 626 


ADVERTISING 


Display Advertisements. . - 1 Consulting Engineers 
Opportunity Advertisements. 105 Classified List of Mechanical Equipment. 
Alphabetical List of Advertisers. . 134 


614 
622 


624 


106 
114 





Price 50 Cents a Copy, $4.00 a year: to Members and Affiliates, 40 cents a Copy, $3.00 a Year. Postage to Canada, 75 Cente 


Additional; to Foreign Countries $1.50 Additional. Changes of address should be sent to the Society Headquarters. 





Entered as second-class matter at the Post Office at Easton, Pa., under the Act of March 3, 1879. ; 
Acceptance for mailing at special rate of postage provided for in section 1103, Act of October 3, 1917, authorized on January 17, 1921. 





























H. SJOvVALL 


G. M. DemiIna 














J. C. SMaALLwoop 


J. A. WiLtson 














C. F. Rosy K. HEINDLHOFER 


Contributors to This Issue 


ds Bs 
director of the Royal Canadian Air Force, 
writes on The Control of Civil Aviation. 
Mr. Wilson was born in 1879 in Broughty 


Wilson, secretary and assistant 


Ferry, Scotland, and is a graduate of St. 
Andrews University. After training as a 
mechanical engineer with various engineer- 
ing firms in Scotland, he went to India in 
1901. The climate there did not agree with 
him and he left India for Canada where he 
was engaged in construction and railroad work 
until 1910, when he entered the service of the 
Dominion Government as assistant director 
of stores in the Naval Service. In 1912 he 
was appointed Director of Stores and Con 

tracts, and in 1918 became Assistant Deputy 
Minister of the Naval Service with special 
duties in connection with the organization 
of the Royal Canadian Naval Air Service 

During the war he had charge not only of all 
naval stores in the Dominion but also of th 

work of establishing the Overseas Transport 
Service. 

After the armistice the Canadian Air Board 
was created and Mr. Wilson took a large part 
in the preliminary organization work. In 
1920 he became permanent secretary of this 
Board and three years later, he was appointed 
secretary and assistant director of the Royal 
Canadian Air Force. 

Mr. Wilson is keenly interested in flying 
himself and has flown in all parts of the 
Dominion where operations have been under 
taken with a view to gaining first-hand 
knowledge and experience of the work. He 
is an associate-member of the Engineering 
Institute of Canada, and belongs to a number 
of clubs organized for outdoor sports. 


* ~ * * * 


Julian C. Smallwood, author of Blended 
Fuels for Automotive Engines, is associate- 
professor of mechanical engineering at Johns 
Hopkins University. He was born in New 
York City in 1881. He received his M.E. 
from Columbia University in 1903 and his 
M.A. from Johns Hopkins in 1917. After 
a few years of factory and construction work 
Professor Smallwood became interested in 
experimental engineering and was engaged as 
assistant in the materials-testing laboratory 
of Columbia University. There he developed 


an inclination toward university work which 
led to his becoming successively an instructor 
in the University of Pennsylvania, an asso- 
ciate-professor of experimental engineering 


in Syracuse University, and, in 1916, teaching 
fellow at Johns Hopkins University. 

During these years Professor Smallwood 
has conducted much research and engaged 
in various classes of consulting engineering 

He is an active member of the A.S.M.E 
and is secretary-treasurer of the Baltimor« 
Section. 


K. Heindlhofer and Harold Sjovall, 
co-authors of the paper in this issue on En 
durance-Test Data and Their Interpretation, 
are both research engineers with the S K F 
Industries, Philadelphia, Pa. Mr. Heindl 
hofer was born in March, 1883, in Pécs, 
Hungary He is a graduate of the Federal 
Polytechnicum of Zurich. In 1909 he came 
to the United States, where his first position 
was as designer with the Edison Phonograph 
Works in Orange, N. J. He held a similar 
position with the Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, Pa., and 
later was connected with the Union Switch & 
Signal Co., 


Swissdale, Pa., as research en 


gineer. Before becoming associated with the 
S K F Industries he was in charge of the 
laboratories of the Bosch Magneto Co 
Springfield, Mass 

Mr. Sjévall was born in September, 1893, 
in Bangbor, Sweden. He was graduated 
from the Royal Institute of Technology at 
Stockholm in 1918 with the degree of E.E 
For two years he was at the laboratories of 
the S K F Ball Bearing Co. at Gothenburg, 
Sweden, engaged in mathematical and me- 
chanical research and magnetic analysis of 
hard steel. He came to this country in 1920 
and since that time has been connected with 
the S K F research laboratory. 


* iad * * * 


S. Timoshenko, whose paper on Bending 
Stresses in Curved Tubes of Rectangular 
Cross-Section is included in this issue, re- 
ceived his degree in civil engineering in 1901 


from the Ecole des Ponts et Chaussé« 
St. Petersburg, 


he accepted an appointment as 


Russia Soon after thi 


at the Polytechnic Institute of St. Peter 
burg, where one year later he became a 
sistant professor of applied mathemati 
In 1906 he was called to the Polytechni 
Institute of Kieff, to occupy the chair « 
applied mathematics. He received his do 
tor’s degree the following year. From 191 
to 1918 he occupied the newly created chair i 
the theory of elasticity as applied to ships 

Petersbur; 
Upon coming to this country Dr. Timoshenh 


the Polytechnic Institute in St 


became connected with the Vibration Sy 
cialty Co. of Philadelphia, as consulting « 
gineer. He is at present in the research « 
partment of the Westinghouse Electric 
Manufacturing Co., East Pittsburgh, Pa 


*. * . * * 


George M. Deming who contribut 
a paper on The Strength of Bolt Thread 
Affected by Inaccurate Machining, is at pr 
ent an instructor in the plant of the Pac 
Telephone and Telegraph Co., Seattle, Wa 
He was born in 1893 in San Bernardino, ¢ 
He is a graduate of the University 
Washington. During the war Mr. Den 
served in the chemical warfare branch of 
Army. Early in 1919 he became a laborat 
assistant and later assistant engineer phy 
in the Bureau of Standards, Washingt 
LD. C., where he was located until he be« 
connected with his present firm 


* * * * * 


C. F. Roby, who is a graduate of 
University of Cincinneti, class of 1922, 
sented in part fulfillment of the requirem 
for the degree of mechanical enginec 
thesis on Chip Formation by Milling Cut 
an abstract of which appears in this i 
His coéperative work in connection wit! 
university .course was with the Cincin: 
Milling Machine Co., 


is now employed as plant engineer 


by which concern 





during the week of October 22-27. 





Management Week, October 22-27 


The National Committee on Management Week is rapidly building up 
its organization for the direction of programs throughout the country 
Some fifty-odd A.S.M.E. Local Sections 
and twenty-five sections of other societies are expected to participate. 

For details of the plans see current issues of the A.S.M.E. News. 


instructor! 

















MECHANICAL ENGINEERING 


Volume 45 October, 1923 No. 10 


q | » 4° . . . 
The Control of Civil Aviation 
The Necessity of a Recognized System for the Regulation of Air Traffic—International Control Through 
the International Convention for Air Navigation—-Domestie Control as Illustrated by 
the Operation of the Canadian Air Board Act 


By J. A. WILSON,'! OTTAWA, CANADA 





a 


CENTURY AGO man traveled on foot or on horseback, 
by mail coach or by ship, and the state took little interest 
in his health or safety. Today our ships are built, equipped, 

{ navigated to government standards; the operation of our rail- 
and our motor 
are licensed and restricted by speed laws and regulations on 


ids is controlled in the interest of our safety; 


ery side. The growth of this control of transportation by the 
ite provides a fascinating field for study. Shipping and steam- 

it-inspection acts and the regulation of railway and highway 
raffic have been forced by the pressure of public opinion and cir- 
imstances on unwilling governments. Their action has usually 
gged behind what is actually necessary and only the minimum 

nterference to insure the public safety has been enforced. Such 


have been enacted in different parts of the world have 


lations as 
the fruit of experience, and in most cases have been proved 
sary under actual working conditions 

Che control of aviation has had quite a different history. There 


: been no such gradual development. The flying machine 
ited for many years the invention of an engine light enough to 
ke flight 


ght was accomplished and progress along natural lines proceeded 


possible. Once this engine was successfully built, 
In the ten years preceding the war there was quiet but steady de- 
lopment of aircraft individuals, and governments 
machine built was an improvement on the previous one and 

ble that, had there been no war, the design of aircraft for 
would further advanced today. As 
ng deve loped there would have been a corresponding growth in 
trai 


rol 


by firms, 


proba 
have been 


irpost s 


, and necessity would have enforced some measure of state 
lhe war of 1914-1919 intervened, and the normal development of 
tion ceased lor four years aircraft were considered as weapons 
ense and defense only. Billions of dollars were thrown into 
r manufacture. New engines of greater and still greater power 
re built. Aircraft design was given a false direction and, though 
sisted lavishly, was hampered and impeded by the necessity for 
iss production. Economy of operation, an essential for com- 
ercial work, was not considered. When peace came a great de- 
lopment in the aircraft industry had taken place throughout the 
world. This was not on sound lines from a civil-aviation view- 
int, as there had been no corresponding development of the peace- 
ne use of aircraft. The armistice brought aircraft production to 
+ sudden standstill. No effort had been made to accustom the 
public to the new form of transportation; no machines intended for 
the carriage of goods, mails and passengers, nor air traffic systems, 
had been developed; and no regulations had been framed for the 
control of the new form of transportation. Aircraft of immense 
possibilities had been produced, however, and the eyes of the world 
id been opened to the future of aerial transportation. 
he pause which has ensued in the progress of civil aviation 
s been caused by the lack of two factors essential to the success 
C mmercial aviation, These are the confidence in, and familiarity 
th, aerial transportation on the part of the public and the creation 
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or aerial transportat vstem Before flying can s icceed as a 
commercial form of trat sportation these must be created, and some 
time must yet elapse before their growth overtakes the de velopm«e nt 
of aircraft, hastened unnaturally during the war To assist this 
growth the first necessity was the institution of a recognized system 
or the regulation « ur traf 


INTERNATIONAL CONTROL 


‘ step in this direction was the insti- 


tution, by the International Aeronautical Federation, formed in 
1910 with headquarters in France, of a standard for pilots’ certifi 
cates. These certificates were recognized everywhere and still 
form the basis of the present-day pilots’ qualifications. 


Flight untrammeled by artificial or natural boundarie Che 
air provides 


travel with equal ease over land or sea, rivers, plains or mountains 


a free and uniform passage everywhere. Aircraft 
I’rontiers or customs barriers mean nothing in the air. Because of 
this, some form of international control is essential and uniformity 
in standardization and regulation most desirable. Steps were 
therefore taken at the Peace Conference, where were gathered to- 
| nations of the world, to form a code for the con- 

A sub-commission of the Peace C 
¢ the spring of 1919 and considered the matter 


gether the principa 
trol of civil aviation 
at Versailles sat duri: 
in detail The 
Navigation 
The sub-commission which drew up the International Convention 


mnference 


result was the International Convention for Air 


was compost d of re presentatives of the allied and associated 
powers, including the British Empire, the United States, France, 
Belgium, Italy, and Japan. It was signed by the following powers 
Belgium, Bolivia, the British Empire, France, Greece, the United 
States of America, Brazil, China, Cuba, Ecuador, Guatemala, Italy, 
Japan, Panama, Poland, Portugal, Roumania, the Kingdom of the 
Serbs, Croats, and Slovenes, Siam, Czechoslovakia, and Uruguay; 
and was subsequently ratified by Belgium, Bolivia, Brazil, the Brit- 
ish Empire, France, Greece, Japan, Portugal, the Kingdom of the 
Serbs, Croats, and Slovenes, and Siam. 

It should be noted that, though the United States Government 
was a signatory to the Convention, it has not yet ratified it and that, 
therefore, the question of its adherence to the terms of the Convea- 
tion is still in abeyance. 

The following brief synopsis of the Convention will be of interest 
as it forms the groundwork for the regulation of air traffic and covers 
the subject fully. 

THE INTERNATIONAL CONVENTION FOR AIR 
NAVIGATION 


SYNOPSIS OF 


CuaptTeR I—GENERAL PRINCIPLES 


The complete and exclusive sovereignty of each state over the air space 
above its territory is recognized (Art. 1). 

Each state shall accord freedom of innocent passage above its territory 
to aircraft of other states, provided that the terms of the Convention are 
observed, and further, that any regulations made by a state as to the ad- 
mission over its territory of the aircraft of another state, shall be applied 
without distinction (Art. 2). 

Prohibited areas over which aircraft may not fly may be established 
(Art. 3). 


Cuapter II—NATIONALITY OF AIRCRAFT 
Each state shall register and mark its aircraft in accordance with the 


provision of Annex A to the Convention. 
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and was subsequently ratified by Belgium, Bolivia, Brazil, the Brit- 
ish Empire, France, Greece, Japan, Portugal, the Kingdom of the 
Serbs, and Slovenes, and Siam. 

It should be noted that, though the United States Government 
was a signatory to the Convention, it has not yet ratified it and that 
therefore, the question of its adherence to the terms of the Conven- 
tion is still in abeyance. 

The following brief synopsis of the Convention will be of interest 
as it forms the groundwork for the regulation of air traffic and covers 
the subject fully. 


Croats, 


SYNOPSIS OF THE INTERNATIONAL CONVENTION FOR AIR 
NAVIGATION 


CxHapTeR I—GENERAL PRINCIPLES 


The complete and exclusive sovereignty of each state over the air space 
above its territory is recognized (Art. 1). 

Each state shall accord freedom of innocent passage above its territory 
to aircraft of other states, provided that the terms of the Convention are 
observed, and further, that any regulations made by a state as to the ad- 
mission over its territory of the aircraft of another state, shall be applied 
without distinction (Art. 2). 

Prohibited areas over which aircraft may not fly may be established 
(Art. 3). 

CuapTerR II—NATIONALITY OF AIRCRAFT 


Each state shall register and mark its aircraft in accordance with the 
provision of Annex A to the Convention. 
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No aircraft shall be entered on the register of a state unless it belongs 
wholly to nationals of that state, and further, no incorporated company can 
be registered as the owner of an aircraft unless it possesses the nationality 
of the state in which the aircraft is registered; unless the president or chair- 
man of the company and at least two-thirds of the directors possess that 
nationality; and the company fulfills all other conditions which may be pre- 
scribed by the law of the state (Art. 7). ‘ 

No aircraft may be validly registered in more than one state (Art. 8). 
States shall exchange information as to the aircraft shown on their official 
registers (Art. 9). 


Cuapter III—CEnrtIFIcCATES OF AIRWORTHINESS AND COMPETENCY 

Every aircraft engaged in international air navigation shall be provided 
with a certificate of airworthiness by the state whose nationality it possesses 
(Art. 11). The qualifications for this certificate are given in Annex B to 
the Convention. 

Personnel operating aircraft shall be properly licensed (Art. 12). The 
standards of competency required from pilots, navigators, and engineers are 
laid down in Annex E. 

Certificates of airworthiness and competency issued by one state shall 
be recognized as valid by the other states, but each state has a right to 
refuse to recognize, for the purpose of flights over its own territory, cer- 
tificates of competency or licenses granted to one of its own nationals by 
another contracting state (Art. 13). 

No wireless apparatus shall be carried without a special license issued by 
the state, and further, any aircraft used in public transport and capable of 
carrying ten or more persons must be equipped with sending and receiving 
apparatus (Art. 14). 


CHapTerR IV—ApMISSION TO AIR NAVIGATION ABOVE FOREIGN TERRITORY 


Aircraft of a contracting state have the right to cross over the space of 
another state without landing, but shall follow the route fixed by that state 
and must land if required to do so at an aerodrome fixed by the latter (Art. 
15). 

Each state is permitted to establish reservations and restrictions in favor 
of its national aircraft in connection with the carriage of goods and persons 
between points in its own territory (Art. 16). 

If a state establishes such reservations, other states may retaliate by 
enforcing similar restrictions against its aircraft, even though the latter do 
not restrict aircraft of other foreign states which have not enacted such 
restrictions in favor of their own national aircraft (Art. 17). 


CHAPTER V—RULES TO BE OBSERVED ON DEPARTURE, 


Way, AND ON LANDING 

Every aircraft engaged in international navigation shall be provided with 
certificates of airworthiness and registration. Its crew shall be properly 
licensed. It shall carry a list of its passengers, bills of lading, and manifest 
covering its freight, aircraft log books and wireless licenses, if so equipped 
(Art. 19). 

Aircraft in distress shall be entitled to assistance in landing (Art. 22). 

The salvage of aircraft wrecked at sea shall be dealt with according to 
the principles of maritime law in the absence of any otheragreement (Art. 23). 

Any aerodrome which is open to public use for payment of charges shall 
be open on the same terms to the use of aircraft of other contracting states 
(Art. 24). 

The observance of the rules of the air and the carrying of lights and signals 
for night flying are made obligatory (Art. 25). 


WHEN UNDER 


CHAPTER VI—PROHIBITED TRANSPORT 


The carriage by aircraft of explosives, arms, and munitions of war is for- 
bidden in aircraft engaged in interstate flying (Art. 26). The prohibition 
and regulation of the use of photographic apparatus in aircraft is permitted 
to each state (Art. 27). As a measure of public safety the carriage of ob- 
jects other than those mentioned above may be subject to restriction (Art. 
28), and such restrictions shall be applied equally to national and foreign 
aircraft (Art. 29). 


Cuaprer VII—Srate AIRCRAFT 

State aircraft are divided into two classes, military aircraft (i.e., those 
commanded by a person in military service—Art. 31), and aircraft exclusively 
employed in state service, such as posts, customs, police. State aircraft 
not coming within these two categories shall be treated as private (or com- 
mercial) aircraft and shall be subject to the provisions of the Convention 
(Art. 30). os 

No military aircraft shall fly over the territory of another state or land 
thereon without special authorization. If such authorization is enjoyed 
it shall be entitled to similar privileges as a foreign ship of war (Art. 32). 


CuaptTer VIII—INTERNATIONAL COMMISSION FOR AIR NAVIGATION 


This chapter provides for the creation of a permanent commission for 
air navigation consisting of two representatives each of the United States 
of America, France, Italy, and Japan; one representative of Great Britain 
and one of each of the British Dominions and India; and one representative 
of each of the other contracting states. Its duties are: 

a To receive or make proposals for the amendment of the Convention 

b To carry out the duties imposed on it by the Convention 

c To amend the provisions of the first seven Annexes to the Con- 
vention (particulars given below) 

d To collect and communicate to contracting states information of 
every kind relating to air navigation 

e To collect and communicate to all contracting states all information 
relating to wireless telegraphy, meteorology, and medical science 
which may be of interest to air navigation 
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Jf To insure the publication of maps for air navigation 
g To give its opinion on questions which may be submitted to it by 
contracting states. 
The expenses of this Commission shall be borne by the contracting states 
in proportion to the number of votes at their disposal. 


IX—FINAL 

The contracting states undertake to codperate in the collection and dis- 
semination of meteorological information; the publication of standard 
aeronautical maps; the establishment of a uniform system of ground marks 
for air stations; and the establishment of facilities for the use of wireless 
(Art. 35). 

The present Convention shall not be construed as preventing the con- 
tracting states from concluding special agreements in regard to air navigation 
provided that notification of these is given to the International Commission 
(Art. 36). 

Provision is made for the arbitration of disputes arising out of the inter- 
pretation of the Convention (Art. 37). 

In the case of war the provisions of the Convention shall not affect the 
freedom of action of the contracting states either as belligerents or as neutrals 
(Art. 38). 

States which have not taken part in the war of 1914-1919 shall be permit 
ted to adhere to the present Convention (Art. 41). 


CHAPTER PROVISIONS 


The annexes to the Convention are of great importance and lay 
down in considerable detail the action necessary on the part of th: 
contracting states for the adequate control of civil aviation. They 
are briefly as follows: 


ANNEX A—THE MARKING OF AIRCRAFT 
A system is instituted by which all civil aircraft are marked by groups of 
five letters. The first letter is known as the nationality mark. These have 
been allotted as follows: 


TABLE OF MARKS TO BE BORNE BY AIRCRAFT 


(Annex A of the Convention relating to the regulation of aerial navigation, signed 
in Paris October 13, 1919, completed by the decisions of the I.C.A.N. dated Ju 
13 and October 25, 1922) 
NATIONALITY 


COUNTRY MARK REGISTRATION MARKS 
United States of America N’ All combinations made in accordance with the 
British Empire G provisions of Section I(a) of Annex A of the 
France F Convention, using a group of 4 letters « 
Italy I of the 26 of the alphabet, each group contai: 
Japan J ing at least one vowel, e.g., ACDJ, PURN 
Hedjaz A All combinations made with H as first letter 
Nicaragua A All combinations made with N as first letter 
Lettonia B- All combinations made with L as first letter 
Bolivia C All combinations made with B as first lett 
Cuba . All combinations made with C as first lett 
Switzerland . All combinations made with H as first lett 
Portugal Cc All combinations made with P as first letter 
Roumania C All combinations made with R as first lett 
Uruquay CC All combinations made with U as first letter 
Ecuador E All combinations made with E as first letter 
Haiti ' H_ All combinations made with H as first 
Netherlands H_ All combinations made with N as first 
Siam H_ All combinations made with 5S as first 
Czechoslovakia S All combinations made with B as first 
Guatemala L All combinations made with G as first 
Liberia L All combinations made with L as first 
Luxemburg L ‘All combinations made with U as first 
Spain M_ All combinations made with A, B, C, D, E, ! 
G, H,I, J, K, L, M, or N as first letter 

ae P_ All combinations made with B as first letter 
Poland = ee All combinations made with P as first lk r 
Belgium © All combinations made with B as first letter 
. . © All combinations made with P as first letter 
Greece aetins S All combinations made with G as first letter 
Panama...... er rer u All combinations made with P as first letter 
Se eee ... XX All combinations made with C as first letter 
Honduras... cin a old X All combinations made with H as first letter 
Kingdom of the Serbs, 

Croats, and Slovenes .. X  AIMl combinations made with S as first letter 


ANNEX B—CERTIFICATES OF AIRWORTHINESS 
Provides for the institution of standards of workmanship material and 
construction by the Commission. Until these are agreed on each state may 
set its own standards. 


Loe Booxs 


Provides for the keeping by aircraft of the fcllowing books: 
log, aircraft log, engine log, and a signal log. 


ANNEX C 
Journey 


AnnEX D—RwLEs as TO LIGHTS AND SIGNALS RULES OF THE Al! 


Systems are adapted, generally speaking, from rules for marine naviga- 
tion, with such alterations as the conditions require. 


ANNEX E—MINIMUM QUALIFICATIONS NECESSARY FOR OBTAININ ER- 
TIFICATES AS PILOTS AND NAVIGATORS 

Lays down in detail the minimum qualifications required by the different 

classes of personnel engaged in aviation, pilot navigators, and air engineers. 


ANNEX F—INTERNATIONAL AERONAUTICAL Maps AND GrouND MARKINGS 


Provides for the preparation of a universal system of maps on the [nter- 
national 1 : 1,000,000 seale, and also for a universal system of ground mark- 
ings for aerodromes. 
ANNEX G—COLLECTION DISSEMINATION OF METEOROLOGICAL IN- 
FORMATION 

Provides for the collection and dissemination of weather forecasts and the 
preparation of special reports on meteorology. 


AND 
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Peace-Time Uses of Aircraft in Canada 


\s the author points out later in the artic the development of commercial aviation in Canada at the present time is purely as an auxiliary to ex- 

services for forest-fire protection and survey and for work in the more remote parts. There the methods of travel are slow, laborious, and uncertain, 
the only competitors are the canoe, pony, and dog train. The photographs on this and the following pages, taken from an airplane, illustrate these 
e-time uses of aircraft in Canada. 
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ANNEX H ( USTOMS 
Deals with customs and the institution of customs aerodromes and regu- 


ipplicable to the import and export 


lations of goods by air. 


Did space permit there are many points in the Convention which 
could be further elaborated to good purpose. This is especially 
true of the annexes, which are of the greatest value and provide, 

a thoroughly sound basis for the control of civil 
aviation and for systems to collect and disseminate information not 
only on aviation but on the subjects of wireless communication and 


on the whole, 


meteorology, without which the conduct of international flying can- 
not be efficiently conducted. The limits of this paper, however, will 
not permit of this. 

The International Commission formed under Chapter VIII of 
the Convention is now functioning. It has held three general meet- 
Committees have been formed to deal with the duties im- 
posed on it by the Convention in relation to the preparation of aero- 


Ings 


nautical maps, the operation of wireless in connection with avia- 
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Crown having full powers to deal with aeronautics in all its phases 
Under legislation passed in 1922 for the creation of a Department 
of National Defense, the powers of the Air Board are vested in the 
Minister of Defense. The control of aeronautics, however, 
undivided. 


rennails 


Under Section 3 of the Air Board Act the following duties in ré 
gard to the control of civil aviation are laid on the Board 
a To supervise all matters connected with aerona 
b To study the development of aeronautics in Canada | 
countries, and to undertake such technical researc may 
requisite for the development 1eronauths ine to operate 
with other institutions in carrying out such research 
f To prescribe 1erial routes 
h To take such action as may be necessary to secure, b ter! 
regulation or otherwise, the rights of His M respect 
His Government of Canada in international air routes 
lo investigate, examine, and report on all propo r the 1 
tution ymmercial air services within Canada or the limits of the 
territorial waters of Canada 








TYPICAI 


This and similar pictures have been used for mapping these res 


tion, medical standards for air personnel, standards of airworthi- 
ness for machines, and other kindred subjects. 

The Commission has already under consideration various mod- 
ifications and amendments to the Convention which experience has 
proved necessary. As aviation develops this will continue to be 
the case. In the Commission the world has now a permanent body 
for the consideration of such questions. If properly used and di- 
rected it will insure the maintenance of universal aviation stand- 
ards, adequate for their purpose, and in addition a body for their 
revision as new conditions arise. 


Domestic CONTROL 


Having considered the question of international control, we pass 
on to the question of domestic control by each state. Canadian 
conditions are naturally those most familiar to the author and will 
therefore be dealt with to illustrate the subject. Similar principles 
to those proved sound in actual practice in Canada will hold good 
elsewhere. 

The Air Board Act, passed by the Canadian Parliament in June, 
1919, instituted an Air Board presided over by a Minister of the 














FOREST AND LAKE COUNTRY IN NORTHERN MANITOBA AND SASKATCHEWAN 


ions by means of the grid method 


Under Section 4 the Board is given power to “regulate ard contro 
aerial navigation over Canada and the territorial waters of Can 
and in particular, but not to restrict the generality of the foregoing 
terms, it may, with the approval aforesaid, make regulations with 
respect to 
a Licensing of pilots and other persons engaged in the navigat 
aircraft, and the suspension and revocation of such licenses 
b The registration, identification, inspection, certification, and | ng 
of all aircraft 


c The licensing, inspection, and regulation of all aerodromes ir 
stations 

d The conditions under which aircraft may be used for carryins 1s 
mails, and passengers, or for the operation of any con jal 
service whatsoever, and the licensing of any such services 

e The conditions under which goods, mails, and passengers ! be 
imported and exported in aircraft into or from Canada or in 
the limits of the territorial waters of Canada, or may be tran ed 
over any part of such territory 

f The prohibition of navigation of aircraft over such areas as ! be 
prescribed, either at all times or at such times or on such 0 ns 
only as may be specified in the regulation, and either al ely 
or subject to such exceptions or conditions as may be so s}* fied 


g The areas within which aircraft coming from any places out 
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’ Canada ire to — and the conditions to be complied with by To illustrate the working of the system, let it be supposed that a 
any such aircraft company 1s being formed for the conduet of commercial aviation In 
h Aerial routes, their use and control sa . 
i The institution and enforcement of such laws, rules, and regulations this country rhey apply to the State Department for incorpora 
$ as may be deemed necessary for the safe and proper navigation of tion. Those terms of their charter which concern the conduct 
aircraft in Canada or within the limits of the territorial waters of air services are referred for advice to the Department of National 
Canada Defense 
Under clause 2 of this section, “any person guilty of violating the Arr HARBORS 


isions of any such regulation shall be lable, on summary con- 








As no al { e operated except ym |i | hart 
tion, to a fine not exceeding one thousand dollars; or to imprison- : l excep — ; 
; the compat wite tor it arbor ' ry ) 
t lor any term not exceeding six months. or to both fine and a oe 
amneed oA if license \) Inspec thie ite nd repor ( 1 il 
SOl) I ° rr , 
F . ’ ney 1 el pec ( tT eT ! ond ! in rie 
Seetion 3 provides for the enactment of the necessary regulation i S ! he wind « , 
see ‘ ( ( i a seaplal t its exposure tft nea irea 
ivailable for tal d alighting hether it r led 
egulutions enacted under the provisions of this Act shall be published buildings or natu olnects likely to obstruct the taking off or 
a Canada Gazette, and, upon being so published, shall have the same force landing of machine the surface of t round and the nature of . 
: if they formed part of this Act Such regulations shall be laid b« | | ; ] any 7 \ 
. thy ) f the site foun itisfactorv a license SLE 
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ILLUSTRATING THE RESULTS OF SKETCHING FROM THE AIR IN MappinG Forest Types 
) t-hand map shows supplementary topographical details added to original map, which showed only main water courses and, in addition, the nature of the forest in , 
the district Extensive use of this method is being made for exploratory mapping of timber resources in Canada 
will be seen from the above that adequate powers for the con- | Airship harbors (i.e., for lighter-than-air machines) 
ng t { civil aviation exist in Canada. II Aerodromes and seaplane stations, subdivided as follows: . 
Nn ollowing out the duties imposed on the Board by this legislation, a Public air harbors open day and night 
rder-in-council was passed on December 31, 1919, approving b Public air harbors open by day only (These are open 
' promulgating the Canada Air Regulations 1920, which cover to all traffic on payment of approved landing and 
tail the air law of Canada and provide a complete set of rules storage charges) 
ng which after three years’ experience have proved in practice to be ec Public customs air harbors open by day and night 
. mentally sound, though in minor details they may require d Publie customs air harbors open by day only (Recog- 
% modification and amendment. These regulations conform in es- nized by the customs and immigration authorities 
™ sentials to the International Convention, and the ideas and stand- as ports of entry from foreign countries) 
ial ards laid down in it are their basis. Diversions on minor points e Commercial air harbors 
= were found necessary to meet Canadian conditions. These are f Commercial customs air harbors (Limited for the use y 
prs now being taken up through the Commission for adjustment and of the licensees only). h 
rted every effort will be made to hold a uniform code with other states. A distinctive ground marking is allotted, depending on the class ; 
I is is considered of vital importance to the future of international within which the air harbor comes. A simple system of markings 
. Hying. has been devised which show not only the class of air harbor but 
vr z he administration of the Canadian Air Regulations is carried _ its size under five divisions, i.e., under 300 yd., 300 to 400 yd., 400 : 
ified & oul by the Department of National Defense through the Controller to 600 yd., 600 to 800 yd., aerodromes over 800 yd. and all seaplane 
f of Civil Aviation. stations. { 
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AIRWORTHINESS OF MACHINES 


The next step is the licensing for airworthiness of the machines. 
If these are of a type which has been previously certified as air- 
worthy, under the terms of the International Convention in Canada 
or in any other country, all that is necessary is an inspection by a 
competent person to ascertain whether they comply in material, 
workmanship, and construction with the type, and whether they are 
properly rigged in all respects and their engines and equipment are 
in good condition. They must also be provided with the necessary 
instruments for safe flying and log books for the aircraft and en- 
gine which show their history. If the inspector is satisfied that the 
conditions of the Air Regulations have been complied with, the li- 
censes are issued. If any aircraft is of a type not previously cer- 
tified as airworthy, detailed drawings of it must be submitted to the 
Department. These are carefully examined by the technical staff, 
the factors of safety are calculated, and the design analyzed with 
reference to its stability, flying qualities, safety from fire, etc. 
This examination is of the greatest importance and it is essential 
that it should be thoroughly done by a fully competent and ex- 
perienced staff. The issue of a type certificate by one state means 
that all machines of that design, if properly built, are recognized 
as airworthy by all states adhering to the Convention. Mutual 
recognition by all countries of the certificates of airworthiness of 
aircraft engaged in international flying is essential, and common 
standards are therefore desirable. 

The standards of design and factors of safety which have been 
adopted by Canada, in common with Great Britain and the other 
self-governing dominions of the British commonwealth, are the 
result of practical experience and research extending over many 
years. The exceptional freedom from flying accidents in Canada 
and Great Britain proves that they are sufficient to insure the safety 
of the machine and its occupants, in so far as that depends on the 
strength and design of the machine itself. 

As all aircraft are not commercial, a digression must be allowed 
here from our typical case to deal with the airworthiness of the other 
classes. These are state aircraft and private aircraft. The former 
are subdivided into two classes: Military aircraft, i.e., those com- 
manded by a person in the military service; and state aircraft, 
those belonging to the state and employed for its civil uses (postal, 
police, forestry, etc.). With the first class we are not here con- 
cerned, but it is obviously desirable that the second class should 
be made to conform in every way to the standard of airworthiness 
set for commercial aircraft and should, in so far as their duties per- 
mit, comply with the Air Regulations in all respects. Private air- 
craft are those used for the private pleasure or business of any per- 
son. They may not carry passengers or freight for hire, nor engage 
in commercial work for compensation of any kind. Such machines 
require no certificate of airworthiness. It might be held that this 
exception is dangerous and that the state neglects its duty in not 
insisting that all aircraft flown should be certified as airworthy. 
On the other hand, a too rigorous insistence on set standards and 
types might cramp and hamper the design of new types and make 
experimental and research work difficult. This exception is made 
to encourage such work so that the development of new types may 
be carried on unhampered by restrictions. 


FLYING PERSONNEL 


The next problem before our company is the licensing of its 


personnel. These are divided into two main classes, flying and 
ground. The flying personnel are subdivided into two classes, pi- 


lots and navigators, each of which is subdivided in accordance 
with the type of machine that they are qualified to fly. Lighter- 
than-aircraft pilots are classed as balloon pilots and airship officer 
pilots, the latter receiving first-, second-, and third-class certificates 
in accordance with the size of the airship. As the development of 
lighter-than-aircraft is still in its infancy it is not necessary to go 
into further details as to the qualifications required for this class 
of work. 

Heavier-than-air-machine pilots are subdivided into private 
and commercial pilots. The certificate for the former does not 
authorize its holder to fly for hire, but the candidate must pass a 
medical examination once each year and a flying test before it is 
issued. Commercial pilots’ certificates are of two classes, for land 
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machines and for water machines. Each class is subdivided into 
a Light machines—maximum safe load, including fuel and 
oil, 1000 lb. or less 
b Medium machines—maximum safe load, including fuel and 
oil, more than 1000 and less than 3000 Ib. 
c Heavy machines—maximum safe load, including fuel and 
oil, 3000 Ib. or more. 
Certificates are granted subject to the holder’s passing a medical 
examination at least every six months. The flying tests include 
not only tests of skill as a pilot, but a cross-country flight of not less 
than 175 miles to insure the pilot’s capacity for cross-country 
work and a night-flight test. All classes of pilots are required to 
pass an examination on the construction, maintenance, and func- 
tions of the aircraft, its engine and accessories. They must also 
have full knowledge of the rules as to lights and signals, rules of thy 
air, and the conduct of traffic in the vicinity of air harbors. The: 
must have a good knowledge of the Canadian Air Regulations and 
the International Joint Convention for Air Navigation and, in add 
tion, of map reading, orientation, location of position, and el 
mentary meteorology. 

The examinations and tests are all of a practical nature and ar 
set by practical flying men with a view to ascertaining as far 
possible the actual suitability of the candidate for his work as 
commercial pilot. 

Air navigators’ certificates are provided for, but in the prese1 
state of development of aviation have not been found necessar 
They are intended for use in the case of large machines of gre 
range, when the navigation of the aircraft will be undertaken | 
a different officer from the pilot. They are largely based on t! 
master mariner’s certificate, modified to meet the new conditio: 
and will in time undoubtedly fill an important place in aerial tra: 
portation. 


GROUND PERSONNEL—AIR ENGINEERS 

On this class is thrown the responsibility of maintaining the : 
craft in airworthy condition after a certificate of airworthiness 
granted by an inspector. The Government inspects every mac! 
at least once a year, but the day-to-day maintenance rests with | 
air engineer. No aircraft may be operated in this country un 
a licensed air engineer is employed to maintain it. This is a vi 
necessary precaution as many present-day pilots, especially 
younger men, are careless in regard to the maintenance of t! 
machines. There is nothing to prevent a pilot from qualifying as 
air engineer and maintaining his own machine, and in most « 
commercial pilots hold the double qualifications. Every day 
fore a flight is taken the air engineer must certify that the mac! 
is, in his opinion, airworthy. The company can now operate 
the knowledge that in so far as the state can provide, its pren 
are suitable, its machines airworthy, and its personnel prop: 
qualified. 


OPERATIONS 


In Canada there has been practically no development of passen cer 
mail, or express services. Until these are successful in cour 
where the population is denser, the need ‘or quick transport 
more urgent, and the physical difficulties less, it has been felt 
these can wait. Our principal and most promising development /ias 
been in connection with work in the remoter parts of the cou 
where the methods of travel are slow, laborious, and uncert 
and the only competitors are the canoe, pony, or dog train. 1 


exists a vast field for this class of work in Canada and alre " 
start is being made to develop commercial aviation as an auxiliary 
to existing services for forest fire protection and survey, the natural 


immediate outlets for commercial aviation in Canada. Mai! and 
passenger services will follow in time. 

Interstate flying between Canada and the United States is com- 
mencing between the large cities on either side of the international 
boundary. The Canadian regulations allow for the ent f 
machines of American nationality engaged in this traffic. Such 
machines may only land at an air harbor approved by the customs 
and immigration authorities. These authorities have shown t!iem- 
selves most anxious to codperate in the development of air traffi 
and impose no unnecessary restrictions. 


(Continued on page 613) 
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Blended Fuels for Automotive Engines 
A Study of Mixtures of Other Fuels with Gasoline with Respect to the Power They Develop, 
Cost per Horsepower-Hour, and Overall Economy, and Their Value as a Means 
of Relieving Gasoline Shortage 


By JULIAN C. SMALLWOOD,' BALTIMORE, MD 


LENDED FUELS, as the term is used in this paper, are not 
54 substitutes for gasoline but mixtures of other fuels with 
gasoline, the purpose of which is to make a superior, cheaper, 

re salable product. There is one mixed fuel, namely, benzol 
leohol, which does not fall in this classification, although it may 
future have conside rable Importance, Such a fuel is a sub- 

for gasoline, but since there is no large organization interested 
manufacture and distribution, the supply of benzol is limited, 


he cost of aleohol compared with gasoline at present is high, 


ns unlikely that this fuel will have much prominence in the 
future 
line blends, listed in the order of their importance, are benzol, 
ne, alcohol, and ether, these being mixed with the gasoline in 
proportions. Since benzol is obtained chiefly as a by-prod- 


ike ovens, distribution centers of benzol-blended gasoline 
found exclusively in cities which support industries requir- 
Even when the blended fuel re- 


ovens on a large scale. 
: little as 10 per cent of benzol, there is not enough yield to 


rt distribution beyond a very limited radius. The whole sub- 
nsequently now of only local importance, but as the sources 
| increase, more and more use will be made of this very de- 
ie] 


idering the present situation, owners and operators of motor 
:on a small or large scale, in localities where blended fuels are 
nable, must decide upon the relative merits of such fuels at a 
vhat higher price per gallon as compared with those of so- 
“straight” gasoline. Putting aside all psychological reac- 
which form a large part in “results’’ obtained by individuals 
ng road tests necessarily of inaccurate character, an impartial 
nust be made of the following claims: 


That blended fuels give greater power 
2 That they give greater economy in fuel consumption 
3 That they give better operation of engine 
t That the total cost of operation with blended fuels is less 
than with gasoline in spite of the higher price per gallon 
That blended fuels afford a valuable means of relieving gaso- 
line stringency. 


order to make this study thorough, some of the physical 
ties of three fuels will first be considered, as follows: 


Commercial Ethy! 
Gasoline Benzol Alcohol 
i B.t.u. per 18.000 17,300 10.800 
deg. Baume 60 30 44 
ravity 0.737 0.874 0. S06 
per gal., lb 6.13 7.28 6.71 
ating value, B.t.u. per gal 110,500 126,000 72,400 
t on distillation curve, deg. fahr 137 250 172 
red for theoretical combustion per ! of 
15 13.3 & 6 
value, B.t.u. per Ib. of combustible mix 
ur and fuc 1125 1209 12 


lower heating value is quoted instead of the higher because 
no circumstances can the modern gasoline engine make 

ble the heat content of the water of combustion 
benzol, CsH¢, being a single chemical compound, has a 
ntal distillation curve at 176 deg. fahr. Owing to the im- 
s in the commercial product (toluol, xylol, etc.) its curve rises 

out YO per cent and 176 deg. to the value tabulated. 

[t will be observed from the table that, although the heating value 
benzol in B.t.u. per Ib. is less than that for gasoline, its greater 
lsity reverses this relation when based on the gallon. Since these 


UeCIS « 
AC 


are sold by the gallon, this appears as a point in favor of benzol. 


stract of an address delivered before the Baltimore Section of Tue 
AMERICAN Socrety oF MECHANICAL Enarineers, April 11, 1923. 
Secretary-Treasurer, Baltimore Section A.S.M.E., and Associate Profes- 
sor of Mechanical Engineering, Johns Hopkins University. 


The last item in tl] table s obtained by dividing the first item by 
the number of pounds of combustible mixture; e.g., for gasoline, 
18,000 1+ 15 1125. This result is the real criterion of power 
capacity. In general a rich fuel requires more air for combustio 
The more air required, the less fuel can be used per cycle in a cylinder 
of given dimensiot! I ffsets the apparent advantage of a high- 


h g-value fuel in so far maximum engine capacity is con 
Cel \lthough the heating value of benzol is 14 per cent greater 
if based on the gallon, it only 7 per cent in excess if based on the 
POWEI 

rom the above nsideration it would appear that an engine 

ing ul xed ¢ | benzol could not develop more than 7 per 
cent more power thanone using straight gasoline. Certainly it 
can! { i heating lues that a gasoline blended 
‘ LO or 20 pel ( lw ld g nappl ble increme 
of pov er gasolu 

It has been argued that the blended fuel has a lower end point 
{ nh gasoline This is undoubtedly the case Rep rt No. 47 of 
the National Advisory Committee on Aeronautics shows distilla- 
tion curves, obtained by the Bureau of Standards, for export avia- 
tion gasoline with an end point of 392 deg. fahr., and for gasoline 
blended with 20 per cent of benzol with a resulting end point of 
290 deg. fahr From this it might be concluded that the greater 
volatility obtained with the blended fuel will cause better combus- 
tion and increased power. It must be remembered, however, that 
the present day iutomot! engine is very well adapted to take car 
of low end points by hot spots and similar devices The re port 


quoted above also states that the benzol mixtures show very littl 
gain in power at ordinary altitudes over export aviation gasoline 
The latter, of course, is a much superior fuel to that sold at filling 
stations, but there is no reason to believe that it will develop mor« 
power than ordinary gasoline in a well-designed engine running 


under aconstantload. Therefore some conclusion may be formed of 


the relative merits, in regard to power, of benzol blends and or- 
dinary gasoline from these tests comparing such blends with aviation 
gasoline. 

The National Ad isory Committee in Report No. 89 compares 
export aviation gasoline with a blended fuel containing 40 per cent 
ethyl alcohol, 35 per cent gasoline, 17 per cent benzol, and 8 per 
cent toluol, ether, ete. The first had a higher heating value of 
120.000 B.tou per gal.; the second, 106,000 B.t.u. The powe! 
developed with the latter fuel was 4 per cent greater than with for 
mer. This increment is hardly worthy of note. 

The author’s general conclusion is that the blended fuels thus far 
concocted do not develop appreciably greater engine power thar. 
gasoline when the engine is in good condition and is adapted to the 
fuel. 

EcoONOMY IN FugeL CONSUMPTION 


The operator should not be misled by quotations of efficiency or 
of pounds or gallons per horsepower-hour. What really concerns 
him is the number of cents he must pay for the fuel per horsepower- 
hour or per mile. For example, in the October, 1922, issue of the 
S.A.E. Journal some tests are quoted to show the superiority of 
benzol-blended gasoline, as follows: 


Gasoline “Motor Benzo 


Gal. per hp-hr 0.122 0.109 
Thermal efficiency, per cent 18.5 16.9 
Cost of fuel per gallon, cents 25 27 
Cost of fuel per hp-hr., cents , 3.05 2.94 


The thermal efficiencies and costs per hp-hr. have been calculated 
by the author and the resulting figures show a decreased cost of 3 
per cent in favor of the motor benzol. This percentage is hardly 
greater than the experimental error, and inappreciable for practical 


Pededeed 


old 


a re ae 


: 





or 
~I 
ie 9) 


purposes. Had the differential of cost between gasoline and the 
blended fuel been three cents instead of two, the costs per hp-hr. 
would have been exactly equal. Some of these blended fuels sell 
at an even greater advance in price than three cents. 

The London General Omnibus Company, during the war, kept 
records of mileage on gasoline versus a blend of 50 per cent benzol 
and 50 per cent alcohol. These records showed in favor of gasoline 
in the proportion of a little more than seven to six, and the discrep- 
ancy for the blend was more marked in the winter, probably because 
of the high latent heat of aleohol causing a defective vaporization 
under low-temperature intake air. 

The author has made systematic measurements of mileage per 
gallon, covering long periods of time, with different blended fuels on 
the local market, these measurements being made in the operation 
of a car for personal use. None of these measurements (admittedly 
inconclusive by themselves) showed an appreciable advantage 
gained by using blended fuel, except with a heavily carbonized motor. 

Report No. 47, previously quoted, also states results showing that 
although the fuel consumption with the alcohol-benzol blend was 
12 per cent better than that with gasoline on a weight basis, it was 
exactly the same with both fuels on a volume basis. The cost of 
the blended fuel is therefore greater, since the price per gallon is 
greater. 


OPERATION 


Concerning carbon deposits, the carbon from benzol is of softer 
quality than that from gasoline. The greater volatility of the 
blended fuel, as shown by its distillation curve, is a factor in its favor 
in this particular, especially in winter operation. There are no ex- 
act comparative data upon the mileage of a motor before carbon 
must be removed. Laboratory tests in this respect are misleading 
and road tests inexact. 

Benzol is a very smooth-burning fuel and, when mixed with gaso- 
line in as small quantities as 20 per cent, will suppress preignition 
knocks. This is particularly true of a heavily carbonized motor. 
This effect may in part be attributed to the higher inflammation 
point of benzol. It is very generally known that a benzol blend will 
give a smoother operation, more power, and greater flexibility in a 
motor carbonized enough to cause preignition with gasoline. It 
appears also that benzol mixtures exhibit less than straight gasoline 
the phenomenon of detonation. 

Concentrated benzol dissolves shellac, and for this reason is not 
adaptable to engines with cork-float carburetors. However, com- 
mercial benzol-gasoline mixtures may be obtained which contain a 
comparatively small proportion of benzol and which will not injure 
the float coating. There has also been some uncertainty concerning 
the action of these mixtures on tanks and other metallic parts, some 
testimony indicating that corrosion is caused. It appears, however, 
that if the blend is properly prepared, this difficulty may be elim- 
inated. This is true also of alcohol mixtures. 

As for flexibility, or that vague quality referred to as “‘pep,”’ 
within the author’s experience there seems to be little preference 
with a normal motor well designed for a fair grade of gasoline. The 
same may be said about ability to “start cold” in winter. 

It is pertinent, in this comparison, to call attention to the recent 
finding of the Bureau of Standards, after a wide survey, to the effect 
that the gasoline now produced in the United States is a better and 
more volatile fuel than it was two years ago. 


OVERALL ECONOMY 


The real criterion of the utility of a fuel is the total cost of oper- 
ation per mile, including cost of fuel, carbon removal, valve grinding, 
lubrication, and similar items of upkeep as well as deterioration; 
always provided the fuel satisfies the requirements of service. All 
considerations of cost may be swept aside if a fuel is manifestly 
superior in starting, accelerating, and reliability and, in short, gives 
the best motor operation. These qualities are as difficult to assess 
in money value as they are to measure in units of mass, space, or 
time. The fuel manufacturer is apt to overcapitalize them, and the 
psychological reaction upon the consumer makes him willing to pay 
a higher price differential than is commensurate with actual increase 
of mileage per dollar of operating cost, plus increase of actual 
serviceability. 
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As far as the economy item alone is concerned, it has not been 
conclusively demonstrated that any blended fuel on the market is 
superior to good gasoline, at prevailing prices. If gasoline increases 
to 50 cents a gallon, an alcohol-benzol-kerosene mixture, high in 
alcohol, would have commercial possibilities. 

The author’s own conclusion is that blended fuel is worth per- 
haps two cents more per gallon, but a price differential of three to 
five cents is not justified by the advantages gained. 


RELIEF OF GASOLINE SHORTAGE 


The bugaboo of high-priced fuel due to the exhaustion of petro- 
leum resources has frequently been raised, but as frequently new 
petroleum fields have been discovered. At present, in the United 
States, the situation is good. However, there must be a limit, the 
approach of which will some time be felt. Anything, therefore, 
which will defer this time must be looked upon with favor. Benzol 
alcohol, or any blend for gasoline will make the present supply 
of petroleum go further. On the other hand, no great effect can be 
felt from the visible supply of benzol. It has been stated on good 
authority that if all the bituminous coal annually used in the United 
States were coked in by-product ovens, the benzol recovered would 
not amount to more than 25 per cent of the gasoline used in thi 
United States. This seems inconsiderable, but if the economi 
pressure for good motor fuel results in some reduction of our enor 
mous wastes of the potentialities of coal tar, blended fuels must | 
looked upon with increased favor. The possibility of petroleur 
shortage does not alarm the author, but general waste of utilities 
does. Gasoline may give out, but the possibilities of shale o 
lignite, and even synthetic fuels remain. Come what may, the au- 
thor is confident that American engineers and chemists will meet 
the liquid-fuel situation with satisfaction to all concerned 


The Use of Acetone in Composite Engine Fuels 


A‘ S‘ETONE is a clear, mobile liquid having an agreeable odor 
4 4 a peppermint-like taste. 
white smokeless flame. Concentrations of acetone 
up to 2.3 per cent will not flash. 


It is inflammable and burns wit 
vapor with 

Above this point there is a slig 
flash, increasing to and reaching a maximum violence at a concent 
tion of 5.5 per cent of acetone vapor, and settling down to a qu 
flame at 10.2 per cent. It has a boiling point of 56.5 deg. cent 

approximately 133 deg. fahr., and is miscible in all proportions w 
the various fuels used in motor cars. The comparative heat 
values of acetone and ethyl alcohol are as follows: 


B.t.u. per Ib. B.t.u. per: 
Acetone 13,476 89,477 
Ethyl! alcohol 13,028 S5,9S85 


Acetone is an excellent engine fuel and in fact approaches the 
in a number of its properties. Its low boiling point and the r 
ing high vapor pressure at ordinary temperatures facilitate the 
starting of the engine. Its homogeneity permits uniform evapora- 
tion and distribution, and, therefore, it is conducive to smooth 
ning. Its low freezing point, —94.6 deg. cent 138.3 deg. far 
prevents its solidification at the coldest wir ter temperatures. 

Acetone will not detonate and can be used in an engine with 4 
compression ratio as great as 7 to 1, or with a compression pressur 
up to 180 lb. per sq. in. It burns with a smokeless flame, does 1 
deposit carbon in the cylinder, and, as far as can be ascertained 
has no corrosive action on the cylinder or the various parts of th 
car with which it comes into contact. 

Acetone is an excellent blending agent in reducing detonatio 
It is miscible in all proportions with all the liquid fuels used in motor 
cars, and in many instances the additicn of a small percentag 
acetone combines two immiscible liquids into a homogeneous solu- 
tion. When it is added in small amounts to heavy hydrocarbo! 
fuels, it minimizes the deposition of carbon and tends to prevent 
“fuel knocks.” 

Acetone is the most economical solvent of acetylene and, if satu- 
rated with this gas and added to composite engine fuels, wil! pro 
duce a smoother-running mixture, facilitate starting, and permit 
running on a leaner mixture.—R. F. Remler in the Journal of the 
Society of Automotive Engineers, July, 1923, pp. 23-24. 
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Kindurance-Test Data and Their Interpretation 


By K. HEINDLHOFER,! 

The determination of the endurance of different products is a subject 
that hitherto has been neglected, yet it is important. It is a general char 
acteristic of products of nature as well as of manufactured products that their 
life varies within wide limits, and it is thus impossible to judge the life of 1 
a certain type of product by a single observation. 

The average life determined by repeated endurance tests is a valuable 
characteristic of comparison as it shows the general magnitude of life, 
but taken alone it is insufficient to define durability 
by a second quantity expressing the dispersion or range of variation of the 


individual lives, which is an indication of reliability. Sincethe number of  { 


available test data is limited its average is approximate, and its precision  ri\ 


ll depend on the number of data 

The object of the authors in preparing this paper was to develop methods 
for computing the probable error of the average life of an object or product, 
depending on the number of repeated tests. This error is a measure of 
the reliability of the average. The results are presented in the form of a 
diagram which shows this probable error at a glance. Finally, it is sug- 
gested that endurance curves may be employed to determine whether an 


elimination test will be advantageous in the case of products made in quantity 

HE LIFE of all objects, and es pec ially that of machin 
parts, varies widely. This is and 
applies even to objects which apparently are identical, i.e 


a general characteristic 
de in the same factory from the same material, and are used or 
ted under identical conditions. It is not the authors’ 

vestigate the cause of this variability, but rather to represent 
d to interpret 


intention 


the life or endurance of such objects by figures 


h may serve as a basis of comparison when the selection ot 
ition of machines or machine elements is under consideration 

It is customary to express capacity or performance by figures 
We spe ak of the horsepower of a motor, the watt consumption ol 
imp, the gallons-per-minute capacity of a pump, these figures 
eating whether the in question is suitable for the 


pose or worth the price; and it would be equally valuable if 


machine 
ould express how long a gear, a bearing, or a die would stand 
nder given conditions 
It s not 


This 


due to the great difficulty and expense of acquiring such 


customary to specify life data on machines. 
and partly to the wide discrepancy generally found between 
when endurance tests are conducted by two independent 
In such 
is usually questioned and the testing machines and arrange- 
are blamed; but granting this, the lack of 
due to the variable nature of such data, even if all the 
uniform. The discrepancy is due to the inherent 
bility of endurance in general. 


cases the degree of carefulness exercised in the 
agreement 1s 


tions are 


A Meruop oF INTERPRETING ENDURANCE Data 


spite of this difficulty it is possible to derive endurance figures 
ng a comparative value. This may be achieved by collect- 
i great number of endurance data on products of the same 
and size, tested under identical conditions, and arranging 

e lives in an ascending sequence, the cumulative number of 
lividuals being the ordinates and the lives the corresponding 
issas. Examples taken from actual observations are shown in 
Figs. 1,2, and 3. These graphs are called ‘cumulative frequency 


It is advantageous to standardize the total length of the ordinate, 
calling it 100 per cent, and subdivide it as shown in Fig. 4. One 
hundred per cent would then mean the whole number of individual 
objects tested. It is easy to pick from the diagram the percentage 
1 all the objects tested which have a life longer (or shorter) than 

given number of hours, revolutions, or other units. This idea 
is illustrated in detail in Fig. 4 and Table 1. 

‘ Research Engr., S. K. F. Industries. 

* Research Engr., 8. K. F. Industries. 

Presented at the Spring Meeting, Montreal, Canada, May 28 to 31, 


1923, of Tae American Society oF MECHANICAL ENGINEERS. All papers 
are subject to revision. 
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cle gree of iccuracyv, an extensive 


expense of testing often forbids the 


It must be amended is 


TABLE 1 
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these percentages with a sufficis nt 


collection of data is required, 
10 and 20 per t 
is seldom the case. for 
10 o1 


intervals 


hy tween 


cen 
ich, however the 
collection of more than 
number cannot be split up into 
hich de pe ndence can be pl wed, the retore it 
tic which is 


resultant of all 


a 
ic Values 1 ial ‘ Phe : erage or mean ol I] the 
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Test Data OBTAINED UNDER 
Test CONDITIONS 


Fic. 4 REPRESENT NUMEROUS 


ATION OF 
IDENTICAI 


REPRESENTATION OF TEST 
of tota 


RESULTS PLOTTED IN 
Endurance in hours 


FIG 


Percentage revolution 


number of test objects or other units, more than 
100 20 
90 29 
sO 41 
70 AS 
60 71 
5O 90 
40 111 
30 135 
20 161 
10 189 
0 220 ' 
average life is sufficient. For example, when a large plant or a h 
city has to be illuminated by incadescent lamps, the cost of re- s 


placing the lamps may be determined from the average life of the 
lamps. 


es ee 
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However, there are other cases where the average alone, while 
important, is insufficient to enable one to judge of the merit of 
the product. All the elements of construction from which a 
high degree of reliability is expected must show as small-a fluctua- 
tion in endurance as possible. For example, the material of a 
given part of an airplane should, in addition to a high average, 
show as little fluctuation as possible. 
the average must not be too great. 
clude extremely weak specimens. 

From this it follows that at least two characteristics, the average 


Thus the deviations from 
This requirement would ex- 


life and the variation of lives, are required to define endurance 
The difference between the two is best illustrated by the examples 
presented in Figs. 5 and 6, which show two cumulative curves 
with identical but with different ranges of individual 
lives. or “dispersion” may best be expressed by the 


averages 


This range 





ENDURANCE FIGURES OF THE SAME AVERAGE 


DIFFERENT DISPERSIONS 


Fies. 5 AND 6 BUT 


“root-mean-square deviation” of lives from the average, because 
this value is mainly determined by large deviations. The root- 
mean-square deviation is obtained by finding the sum of the 
squares of individual deviations from the mean, dividing this sum 
by the number of individuals, and extracting the square root. 
When introducing the average from a small number of tests 
which vary between wide limits, a further question arises, namely, 
how reliable is this value? To answer this question, select, say, 
10 data at random from an extensive collection, determine their 
average, and repeat this process many times. When inspecting the 
large number of averages thus obtained it will be found that their 
frequency of occurrence will be greater near the mean of the whole 
collection, and that only a few will be found which deviate greatly 


from the total mean. Two factors govern their distribution. The 
TABLE 2 DATA OF CUMULATIVE FREQUENCY CURVE USED IN 


EXPERIMENT ON VARIABILITY OF AVERAGE OF ENDURANCE 


VALUES (SEE FIG. 6) 
Total average endurance of an infinite number of tests = 100 
Root-mean-square deviation from average = 83.9 
———Endurance values in 50 intervals 
2 26 60 102 174 
4 29 64 108 184 
6 32 68 114 195 
9 35 72 119 207 
ll 38 76 125 219 
14 42 80 132 234 
16 45 84 139 251 
18 48 89 146 27 
21 52 93 154 301 
24 56 98 163 347 


first is the number of data (in the present example 10) included in 
a group, and the second the dispersion or range of the individual 
values in the original collection. It is obvious that a more homo- 
geneous collection (Fig. 5) yields group averages lying close to- 
gether, while the opposite is the case with less homogeneous data 
(Fig. 6). 

For the underlying purpose of the work it would be convenient 
to set limits within which a given percentage of all possible group 
averages would be located. Other things being equal, the closer 
the specified limits, the smaller the percentage of group averages 
within those limits. This statement may also be expressed in 
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another way: the narrower the limits, the smaller the probability 
of the appearance of average values within them. 

The law governing limits when a limited number of data of 
known dispersion are available, will be illustrated first by 
example. The deduction of this law is given later in 

Assume that a not too small number of data hav 
and tabulated (Table oh and which, when graphically presented, 
appear as shown in Fig. 6. value lOO. = =TI 


an 
1 


the paper. 


e been obtained 
Their average 


e 


is 
root-mean-square deviation from the average is 


YS* 
It is now possible to determine the limits + A within which the 
average value of a limited number of tests on the same 
will be located with a probability of, 
cedure to determine the limits for any oth 


+ Uh- T 


s+ 


iv 


product 
The pro- 
r value of the probability, 
such as 90 per cent or even 99 per cent, would be similar. 


say, 00 per cent 


The logarithmic chart forming Fig. 7 renders the computation 


simple. First the number of test data is located on the lower 
bounding line of the chart. Let this number be 7 1O. The 
intersection of the ordinate of n 10 with the line P 0.50 (i. 
probability 50 per cent) gives the value + A/w = 0.213. Sine 
the root-mean-square deviation mw is equal to S4, A 0.213 
S4 18. This means that the probability is 50 per cent that the 
average life of 10 tests is within the limits of 100 + 18.) The 
probable error is thus = 18. Fig. 9 shows these limit 

A second example is shown in Fig. 8, where n lO and yw s 
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DIAGRAM OF PROBABILITY OF AVERAGE WITHIN LIMITS 


number of objects whose average is taken; ~ = root-mean-square dev 
from average; A = limits of the average; P = probability that average is 
z= A.) 


Fria. 


n 
w 


The average is 100 = 12 at 50 per cent probability. A c 
parison of Figs. 8 and 9 shows the influence of the dispersior 
the limits. 

The probability may be visualized. 
repeated a great number of times. Each series has a differ 
average. In case of the 90 per cent probability, 90 per cent of 
the averages would lie inside the limits and 10 per cent outs 
In other words, the chances that the average of any of the s 
will lie inside the limits are 9 to 1. Similarly, the 50 per « 
probability represents equal chances, for which reason the mag 
tude between the limits is called the probable error. 


Imagine the test 


Sf 


VERIFICATION OF THE PROPOSED METHOD 


The procedure for determining the probable error of the ave 
and the more general case of setting limits which include 
average at any desired probability, | 


having been described, 


remains to be shown how the values used in plotting Fig. 7 were 


obtained. 

From the theory of least squares it is known that the probabilit; 
P of an error + A of the average value of n observations | 
be expressed by the formula 


Vv 
2 tn 
Pas = FF os é Fdt 
Vr/J/ 0 


; 
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This formula has been 
derived under the assumption that the errors of individual observa- 
tions occur at random, i.e., that they follow Gauss’s law of frequency 


ol error. 


where yw is the root-mean-square deviation. 


lig. 7 is based on Formula [1] and is constructed as follows: 
The number of and A/w are arbitrarily assumed, thus 
determining the upper limit of the integral. The integral may then 
be evaluated by tables found in handbooks. The corresponding 
values of A/u, n, and P may then be plotted, preferably on logarith- 
mic paper. 

It remains to be shown, however, that Formula [1 


tests n 


} 


| is applicable 
with sufficient accuracy to cumulative frequency curves (Figs. 1, 
ind 4 


) 
my, UO, 


which do not necessarily follow Gauss’s law. 


rABLE 3 EXPERIMENT ON THE VARIABILITY OF THE AVERAGE 
VALUE OF A LIMITED NUMBER OF DRAWINGS 
ach scor 3 tl avera f 10 drawings from the numbers given in Tal 2 
I nta 
leal avera Distribution of 250 score 
0 to 10 
l0 to 2 
20 to 
30 to 40 l 
40 to ) ] 
Oto 60 ] ll 11 
60 t ) Liliil Lilli 11111 l 
70 to 80 l1lit1 11111 L1liil Li1lil 1111 1111 
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90 to 100 ll1ii1 Lilil lilil 11111 1111! 11111 111 
100 to 110 L2LE2 LELEE «LEER «610211 6111 Ltit1 Ltd) ll 
LO t ) L111} Lilli 11111 lili 2 LI111 ll 
2) to ) L111 11111 lil Li111 l l 
130 t 10 l lii11 llill 1 
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150 to It 
QO t ( 
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\ gener il proo!l based on the symbolic method appears to be 
ficult becaus upes of the cumulative curves are arbitrary. 
wr the purpose in | 1 it was considered sufficient to apply 
rmula [1] to two cumulative curves which represent typical 
lition li is obtain in practice. In order to broaden the 
its of the proof, extreme conditions have been chosen. 
In the first example a cumulative curve is assumed the asym- 
+ — 5 
2 ‘ At ¥ 4 
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Fries. 8 AND 9 Limits INctupING 50 Per Cent oF ALL PossiBLe Av- 


ERAGES OF 10 VALUES Pickep at RANDOM FROM THE CUMULATIVE 
FREQUENCY CURVES OF Figs. 5 AND 6 


try of which with respect to the average is pronounced (Fig. 6 
d Table 2). The endurance values which define this curve 
vere derived from actual test series. In the second example 
curve is a straight line (Fig. 5). This symmetrical distribution 
rresponds to the so-called problem of De Moivre. 
The proof consists in computing the probabilities by a method 
he correctness of which cannot be questioned. These values 
re then to be compared with those derived by using Formula 
|], when the comparison will bear out any possible discrepancy. 
While for the first example an experimental method was used, the 
cond was calculated according to a rigorously correct formula. 
The experimental procedure was as follows: The figures given 
‘ E. Cauber, Wahrscheinlichkeitsrechnung, 3d ed., pp. 63-66, Leipsic; 
B. G. Teubner. 
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in Table 2 were printed on small wooden disks and collected in 


an urn. <A disk was drawn therefrom and its number recorded. 
This disk was then returned and the contents of the urn were 
thoroughly and systematically mixed to insure a random appear- 
ance of the disks. The procedure was then repeated a great number 
of times (2500 Figures thus obtained were arranged in group 
of n 10 in the sequence they appeared. Each group was av- 
eraged and the results arranged as in Table 3. The fre juency of 
average withi rtain interval may be found from this tabulation 
The probabilities thus obtained and the corresponding values 


calculated by lable 4 


mpiled in 


rl rl R t 1 i { 7 avera 1 
Proba 
I Calculated a ling thematically 
i ag Formula [1] or I orrect val 
l ).41¢ 0.41 
0.727 0.722 
0.900 0.900 
j ). O67 ) 
0.994 ( ) 
f 0.999 0.999 
> Fs I 6 an sq so " l 
Probal 
r d accore t x y de | 
a jl I 2 cor 4 
av : ee ia 
bd 204 2580 
19 ( 44 
42 7 H4 
R68 v2 
) 040 hy 
0. O7¢ O7F 
9 ” 
" 
) ).9U9 l 
I raig ition (Fig. 5) the ( 
or giver li ind } Ss per gT ip were (¢ | ila M | r Ti 
Moivre’s T cure t » entered in Table 4 wv 


bhi, AAR UA 
+ SI ] | 
u ying t ximation involved in the use of Fort 
vhich serve » ce r } the limi ts of averages ich AS T ‘ 
derived from endurar test data. The agreement would be 
better for n>10. while for 7 10 the accuracy would necessarily 
be lower 
IMPROVING THE ENDURANCE OF QUANTITY PropuctTs BY ELIMINA- 
rion Ti Sis 
In addition to their function of gaging quality d reliabilit 


constructive 


applied in a 


having a 


cumulative endurance curves may be 


a quantity product cumulative fre- 
Fig. 1. It is evident that this product 
would be considerably improved by subjecting it to an endurance 
conditions for about one-tenth of the time 
ft the factory. By this 
procedure 35 per cent would be eliminated, improving the average 
of the remainder by approximately 50 per cent. 

An improvement is not always efiected by running all articles 
through such a test. For example, the products dealt with in 
Figs. 2 and 3 would lose in value by this process. 


manner. Imagine 


quency curve like that of 


test resembling service 


of the average life before the product k 


A judgment as to whether an elimination test will be advantageous 
or not can only be based on a careful study of cumulative endur- 


ance data 
CONCLUSIONS 


There are three characteristic figures which define the endurance 
quality of a product: 
1) The average life, 
2) The dispersion or root mean square, which expresses relia- 
bility of the product itself 
3) The probable error of theaverage. This indicates the relia- 
bility of the average; in other words, it shows whether or not the 
test has been repeated a sufficient number of times 


which shows the general magnitude of life 


Discussion 


J OLLOWING its presentation Mr. Heindlhofer, in reply to 

questions put to him, elaborated several of the statements 
made in the paper. If, for example, he said, a crankshaft were 
put in an automobile engine and run under test it would break 


(Continued on page 625) 
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Bending Stresses in Curved Tubes of Rectangular 
Cross-Section 


By 8. TIMOSHENKO,? 

In this paper the author analyzes the stresses in bent tubes of rectangular 
cross-section and shows that in the case of thin tubes the distortion due to 
bending results in greater flexibility and less strength than given by the 
In an appendix to the complete paper an approximate 
solution of the problem is obtained by a consideration of the potential energy 
of deformation. 


HE bending of curved tubes is accompanied by a distortion 
of the cross-section. As a result of this distortion thin 
tubes are more flexible and have less strength than given 
by the usual formulas. In one example of a Fairbairn crane, con- 
sidered later, the maximum stress is 67 per cent greater than the 
value given by the ordinary formula for the bending of curved bars. 
This paper will consider the case of the bending of a tube under 
the action of moments M only. Referring to Fig. 1, if the dimension 
a of the cross-section is small in comparison with the radius of 
curvature R of the tube, the maximum stress and the increase of 
the angle a are usually calculated by the formulas 


usual formulas. 


7 aM 

Pmaz . 9] . l 
MR 

Aa =a EI’ [2 


where E denotes the modulus of elasticity and J the moment of 
nertia of the cross-section about the neutral axis. 

In the case of a solid cross-section these formulas are sufficiently 
accurate, but in the case of a tube the problem is more complex. 
The forces of tension acting on any element ss; (Fig. 1) and the 
forces of compression acting on any element rr give resultants 
whose direction is toward the neutral axis. These forces produce 
the distortion of the cross-section shown in Fig. 1 (6). 

Assuming that the cross-sections of the tube remain plane on 
bending, the conclusion follows that the elongation e of any element 
ss, will depend not only on the increase Aa of the angle a, but also 
on the radial displacement w due to the distortion of the cross- 
section. 

Let s’s;’ represent the position of the element ss; after deformation 
(Fig. 1 (a)]. It is seen that the extension /s,’ 
be represented by 


of the element can 


Isy’ on ks,’ — kl 


The first term on the right-hand side of this equation, due to 
rotation of the cross-section sy7; about the neutral axis X, 
Aaa 


is equal 


to —,—; w is assumed to be small in comparison with a. The 


second term, due to radial displacement w, is equal to wa. Sub- 
stituting this value in the equation and dividing it by Ra, the 
initial length of the element ss; (a assumed to be small in comparison 
with R), the following expression is obtained for the longitudinal 
strain of the element ss;: 
Aaa w 
2Ra Ro 


Formula [3] may also be used in calculating the compression of 
any element r7. It is seen that as a result of the distortion of 
the cross-section, the stresses at the middle of the plates mn and 
gt become less than those given by Formula [1]. This decrease 
of stresses in the central portions of mn and gt will necessarily be 
associated with an increase of stresses in other parts of the cross- 
section. 


1 The case of tubes of circular cross-section has been considered by Prof. 
Th. Karman. See Zeit. Ver. Deutsch. Ing., 1911, p. 1889. 

2 Research Dept., Westinghouse Elec. Mfg. Co. 

Presented at the Spring Meeting, Montreal, Canada, May 28 to 31, 
1923, of Tae AMERICAN SocreTY OF MECHANICAL ENGINEERS. Abridged 
by omission of appendix. All papers are subject to revision. 
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The true values of the maximum stress and of the increase of 
the angle a may be obtained by using Formulas [1] 
I there be substituted a smaller quantity 

I, = Bl. [4] 


and [2], if for 


where the coefficient 8, 
following formula: 


less than unity, is to be calculated by the 


’ 3 bfh\ 16 bf} 
12A(1 o*)x 1+ -}) 1 4+ _— + 
ay 4m? a*\h, 3m? a\h, 


where 
hy thickness of horizontal plates mn and qt 
h» = thickness of vertical plates mq and nt 
moment of inertia 
about neutral axis 
of the horizontal 
plates 
moment of inertia 
about neutral axis 


























. : --X% 
ol the vertical 
plates 
0 Poisson’s ratio of 
the material (in i ret 
hese calculations ord 
these caiculation (a) ’ ] (b) 
¢ =0.3) ‘7 
\/ 
bs ee 
and A ‘7 16 
Rhy Fig. 1 Section or Bent TusBe ort 
: ; RECTANGULAR CROSS-SECTION 
In the case of a tube of 
square cross-section and of ft cocccees nese -By-- 2 --+ 20 -- >} 
a constant thickness h, = ~ In --4 
a b; hy h, = h Me = 2-785 mm. 4 iaiaeee 
t ha ha’ ] >- 8mm : a 
4 6 2 a es ei > et 
. ms é : 
and from Formula [5], i 
m7 R © : 
49.18 + 1.3352A 7] t : 
p © se 1 e oeen *e) ° 
49.18 + 3. 232A - i Ww: 
ig A t | 
The effect of distortion of a 940mm..-.--. J 
cross-section depends on the R= /500mm 
magnitude of the quantity i ee i oe 
y ° o OSS-SECTION OF AIRBAIRN 


A. If Aissmall, i.e., in the 
case where the radius R and 
the thickness A are large, the coefficient 8 will be nearly unity and 
Formulas {1 ] and [2] will give sufficiently aecurate results. Taking 
another extreme case and putting A = © in [7], 8 = 0.412. In 
this case the maximum stresses and the flexibility of the tube are 
about 2.5 times greater than the values given by Formulas [1| 
and [2]. 


CRANE Box GIRDER 


R 1 : 
As an example, take — = 10; . = 50. Then, from [6], A = 25, 
a i 


which, substituted in [7], gives 8 = 0.513. The maximum stresses 
in this case will be about twice as great as given by Formulas 
[1] and [2]. 


(Continued or page 612) 





The Strength of Bolt Threads as Affected by 


Inaccurate 


Machining’ 


Results of Experiments Conducted at the Bureau of Standards to Determine the Effect of Variations 
in the Pitch-Diameter Clearance and the Face Angle of the Nut on the Tensile Strength 


Effect of 


By GEORGE M. DE 


HE National Screw Thread Commission, created by Act of 
Congress (H. R. 10852) approved July 18, 1918, for the pur- 
pose of ascertaining and establishing standards for screw 
threads for the use of the various branches of the Federal Govern- 
ment and for the use of manufacturers, have recommended a sys- 
tem of threads in their Progress Report dated January 4, 1921.' 
This report describes the threads approved by the commission and 
gives information, data, and specifications pertaining to their manu- 
facture 
The strength of screw threads did not receive particular attention 
by the Commission, but their Research Committee‘ proposed 
a preliminary experimental program to determine the effect of 
extreme inaccuracies in machining which sometimes occur in com- 
mercial work. At its request the Bureau of Standards undertook 
the experimental work, using the test specimens supplied by thi 
Committee 
rHE Test SpE 


DESCRIPTION O} IMENS 


There are - 


he dime 
Many of these, however, have 


many variations both in the material and t 
ions of commercial bolts and nuts. 
ttle influence upon their strength or usefulness 

Differences in the fit of the nut on the bolt are obtained by vary- 


g¢ the pitch-diameter clearance between the bolt and nut. 
Four cl iSsSes of screw-thread fits, with subdivisions. were estab- 
shed by the Commission. These are 


Cl 
( 
( 
( 


55 « loose fit 
‘lass II, medium fit: A, regular; B, special 
‘lass III, close fit 
‘lass IV, wrench fit: A for light sections, B for heavy sections 
rhe strength of the threads under axial loading should increase 
from Class I, loose fit, to Class IV, wrench fit. In order to deter- 
mine the effect on strength due to differences in fit the specimens 
marked 4-A and 4-B were tested. The threads on the internal 
| member were all of the same size and the variations in clearance were 
This method differs from 
that adopted by the Screw Thread Commission in their report 
They recommend that differences in fit be obtained by variations 
the pitch diameter of the screw. The dimensions and other 
data for these specimens are given in Table 1. It will be noted that 
the dimensions of these threads, in most cases, do not come within 
the limits established by the Commission, but it is believed that the 
effect of the measured pitch-diameter clearance on the strength 
does not depend upon close adherence to these standards. 
The strength of the thread also depends upon the proper bearing 
f the face of the nut. If the face is not perpendicular to the axis 
of the screw, bending of the screw will occur when load is applied 
ind the strength of the thread will be decreased. 
To determine the effect of this eccentric loading, the specimens 
narked 5-A, 5-B, and 5-C were tested. The dimensions and other 
data for these specimens are given in Table 2. 
The material for each group of specimens was the steel often used 
i commercial work with those threads. No data are available re- 
sarding the physical properties of these materials. All the screws 
were very carefully threaded with a die, the same die being used for 
ill similar specimens. All nuts were very carefully tapped, using 


obtained by tapping the nuts oversize. 


' Published by permission of the Director of the Bureau of Standards of 
the U.S. Department of Commerce. 

* Instructor, Pacific Telephone & Telegraph Co.’s Plant School. 

* No. 42, Miscellaneous Publications of the Bureau of Standards. 

* The members of the Research Committee were E. H. Ehrman, Chair- 
man, Maj. O. B. Zimmerman, and Commander S. M. Robinson. 





Materials Used 


MING,’ 


SEATTLE, WASH 

the same tap for all to have the same fit. Three screws and nuts 
for each fit were prepared and one of each measured at the Bureau of 
Standards 

Meruop or TESTING 


All the bolts were loaded in tension, using a Riehlé testing machine 
having a capacity of 50,000 lb. The nut was held by the stationary 


head of the machine and the load applied to the bolt by the moving 
head \ dial micrometer attached to the nut was used to measure 
{ 
‘ ¢ 
Pi / / 
a a 
, I J 1 
{ / {ij 
; ] 
7] yl 
l j ] 
t j | j 
F ; ; = = 
| Loap G S FOR SpecimMENS 4-A, NATIONAL ( l EAD 
S ES—CLEARANCI 
4-A i in.) 
PF f 
fi f f 
™ f rf 
! { ' 
ae ] r 
Fic. 2 Loap GRAPHS FOR Specimens 5-A, NATIONAL Coarse-THRFAD 
Serips—Face ANGLE 


This instru- 
ment was graduated to 0.0001 in., and tenths of a division could be 
readily estimated. 

The movement was read for load increments of 500 |b. until the 
vield point was reached. 


the movement of the screw with respect to the nut 


Load graphs were then drawn, from which 
the proportional limit was determined. Figs. 1 and 2 give these 
graphs for two series of tests. 

The yield point was found by the ‘‘drop of the beam”’ of the test- 
ing machine and by the very rapid increase in the movement shown 
by the dial micrometer. The yield point was well defined in all the 
specimens. 

The ultimate strength, in most cases, was not determined as the 
failure of the thread was studied by cutting away both nut and 


screw to an axial plane. Characteristic failures are shown in Fig. 3. 


RESULTS OF THE TESTS 
The results of the tests are given in Tables 1 and 2 and in part in 
the load graphs Figs. 1 and 2. 
Inspection of the load graphs shows, as might be expected, that 
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TABLE 1 


SpgecimENS 4-A—NaTIONAL COARSE-THREAD SERIES 
(Screws and nuts, open-hearth cold-rolled steel; lead error of screw, +0.0026 in. in 
Tap Used for Nuts 
(#/sin. 16 thd. U.S. Std.) 


Measured Dimensions 


Size, —————— Nut - —_ —— Screw —— 

pitch Minor Pitch Major Pitch 
Specimen diam diam., diam., diam., diam 

No. plus Make in in in in 

4-A 0 Regular 0.319 0.351 0.373 0.336 
4-A 6 0.006 in. Special 0.318-0.320 0.359-0.361 0.373 0. 33¢ 
4-A 12 0.012in. Special 0.322 0.358 0.373 0.336 
4-A 18 0.018 in. Special 0.325 0.361 0.373 0. 33¢ 
4-A 24! 0.024 in. Special 0.334 0.361 0.373 0.336 
4-A 30 0.030 in. Special 0.364 0.373 0.336 
4-A 36? 0.036 in. Special 0.372 0.373 0.336 
4-A 423 0.042 in. Special 0.377 0.373 0. 33¢ 
4-A 4s8* 0.048 in Special 0.385 0.373 0.336 
Basic Dimensions, Screw Thread Com.... .0.2938 0.3344 0.375 0.3344 


SPECIMENS 4-B—NATIONAL FINE-THREAD SERIES 


(Screws, 3 


3/s in. 24 thd. S.A.E. Std.) 
4B+ 0 - , Regular 0.339 0.366 0.376—-0.380 0.351-0.352 
4-B+ 4 0.004 in Special 0.343 0.373 0.376—-0.380 0.351—0.352 
4-B S 0.008 in. Special 0. 344-0. 350 0.375 0.376-0.380 0.351-0 2 
4-B 125 0.012 in. Speical 0.345 0.376 0.376—-0.380 0.351-0 2 
4-B + 208 0.020 in. Special 0.342 0.377 0.376-0.380 0.351-0.352 
Basic Dimensions, Screw Thread Com 0.3209 0.3479 0.3750 0.3479 





1 In one test (yield point 7500 Ib.) bolt brok« 
6600 Ib.) nut yielded 
two tests (y 


2 In one test ( y. p. 7100 Ib.) t 
4 In one test (y. p. 5850 Ib.) nut yielded. In one test (y 
p. 8000 Ib.) thread stripped in nut 


volt 
p. 9500 It 


TABLE 2 STRENGTH OF BOLT THREADS UNDER ECCENTRIC LOADING 


Specimens 5-A—NATIONAL COARSE-THREAD SERIES 
+0.0017 in 
S. Standard tap 


(Screws and nuts, open-hearth cold-rolled steel; lead error of screw, 
all nuts tapped with regular */s in. 16-thread | 


in 10 thread 


MECHANICAL ENGIN 


STRENGTH OF BOLT THREADS UNDER AXIAL LOADING 


2 per cent nickel steel, heat treated; nuts, open-hearth cold-rolled steel; lead error of screw, 


broke near head 


EERING Vou. 45, No. 10 

The movement which occurs 
before the yield point is reached 
can be estimated from the curves. 
For example, the movement for 


10 threads 
-—Tensile Test- 
Propor- 


Pitch- tional Yield the clearance specimens shown in 
diameter limit point se * ; 
clearance, av'g), (av’g), lig. 1 for Series 4-A is about 
n lb Ib. . 1 
er an three times that at the propor- 
0.023-0.025 3500 7100 tional limit, while the specimens 
0.022 6400 7150 ea ‘ . 
0025 4000 7270 of Series 4-B moved nearly twice 
0028 5600 6645 as far before failure. This may 
0.036 5050 6930 be due either to the material or 
0.041 4700 6645 ° > 
0.049 4000 5655 to the size of the threads, but it 


suggests that fine-thread screws 
of heat-treated nickel steel 
combination with open-hearth 
cold-rolled steel nuts resist abuse 


in 
~—0.0015in.in 15 threads 


0.015 8000 10745 

0.022 7000 10796 better than coarse-thread bolts 
0.024 7200 10100 ° 

0025 64550 9273 and nuts of open-hearth cold- 
0.026 6233 SOOU 


rolled steel. This is a matter of 

particular importance for bolts of 

y.p 

‘in small fre- 
quently overstrained when assem- 

bling by the use of a long wrench applied with little 

judgment. 


§ In one test 


thread stripped in nut diameter, which are 


The fine-thread screws are stronger than those having 
a coarse thread as is shown by Figs. 4 and 5, which also 





-—Tensile Test ofan (—s - . — The ctre } 
Angle —~-Measured Dimensions- — Pitch-di Pro- show the effect of cle aranct on thi stre ngth. he strength 
of face - a. - a screw- Pach ae portional Yield of the coarse threads, Fig. 4, is decreased but little as the 
of Minor itch Major itch clear- limit point — . . 
Specimen nut, diam., diam., diam., diam., ance, (av’g), (av'g clearance 1S increased. It should be noted that the depth 
15’ A es P an wen ian au ow - of the thread is 0.0406 in., so that a clearance of 0.050 in 
5 -15 25 30 0.357 375 337 )20 700( 7235 we : 2 ° 
5-A +30’ 0.50 0.304 0.357 0.375 0.337 0.020 5900 7410 leaves only 0.0156 in. or 38 per cent of the threads en- 
5-1 1.00 0.30 0.357 0.375 0.337 0.020 6250 7100 . . ae 
‘BA 2° 200 0 304 0.357 0.375 0.337 0.020 6600 7345 gaged. In spite of this both the proportional limit and 
oT f. 2 Sue Ste 2 eee [as fa fas Sees the yield point were only decreased about 25 per cent 
o-/ + ) ) 300 300 3/90 od 9 2400 7065 ei ie - 7 a 
Basic Dimensions, lhis clearance is much greater than the 0.0144 in. for 
Scr. Thd. Com 0.2938 0.3344 0.375 0.3344 





SPECIMENS 5-B—NATIONAL FINE-THREAD SERIES 
(Screws, 3'/2 per cent nickel steel; nuts, open-hearth cold-rolled steel 
+0.0025 in. in 15 threads; all nuts tapped with regular * 
5-B + 15’ 0.25 








0.327 0.355 0.372 0.349-0.350 0.005 8000 
5-B 30’ 0.50 0.327 0.355 0.372 0.349-0.350 0.005 7250 
15-B .~ 1.00 0.327 0.355 0.372 0.349-0.350 0.005 7600 
75-B + 2° 2.00 0.327 0.355 0.372 0.349-0.350 0.005 5950 
5-B+ 4° 4.00 0.327 0.355 0.372 0.349-0.350 0.005 7000 
5-B 6° 6.00 0.327 0.355 0.372 0.349-0.350 0.005 7100 
Basic Dimensions, 
Scr. Thd. Com .0.3209 0.3479 0.375 0.3479 
Specimens 5-C—NATIONAL FINE-THREAD SERIES 
(Screws and nuts, 3'/2 per cent nickel steel, heat-treated; lead error, + 0.0024 in. in 15 
all nuts tapped with regular */sin. 24-thread S.A.E. Standard tap) 
2§-C -+ 15’ 0.25 0.329 0.358 0.371-—0.373 0.347-0.349 0.010 7000 
25-C 30’ 0.50 0.329 0.358 0.371-—0.373 0.347-0.349 0.010 7150 
5-C + 1 1.00 0.329 0.358 0.371-0.373 0.347-0.349 0.010 7150 
955-C + 2 2.00 0.329 0.358 37% 0.347-0.349 0.010 7600 
%-C + 4° 4.00 0.329 0.358 37 0.347-0.349 0.010 8550 
15-C + 6° 6.00 0.325 0.360 0.347-0.349 0.012 8000 
Basic Dimensions, 
Ser. Thd. Com -0.3209 0.3479 0.375 0.3479 
‘In one of the two tests bolt failed in thread at face of nut 2 In both of the twot 


failed in thread at face of nut. 
of nut; in the other, nut yielded 


3 In one test (yield point 
the curves are not as regular as those obtained from tension tests 
of steel specimens. The unusual irregularity of the curves for speci- 
mens 4-A+6 to 4-A+30, Fig. 1, may possibly be due to lack 
of experience on the part of the men making the tests. The slope 
of the curve is not considered significant for this work nor the fact 
that some of the curves are concave and some convex toward the 
axis of loads. 

The proportional limit was taken as the load at which the curve 
departed from the straight line and was in nearly all cases very well 
defined. The decrease in the proportional limit and in the yield 
point as the clearance or the angle of the face of the nut are increased 
is clearly shown. It is probable that the yield point is, for practical 
purposes, the ultimate strength of the threads. This is shown by 
the fact that the curves are nearly horizontal at the yield point, and 
the sections, Fig. 3, show that little additional load could be sus- 
tained by any of the specimens except perhaps 5-C+6°. The 
proportional limit may be taken as the elastic limit of the screw 
with nut. If it is not exceeded, any relative displacement which 
persists after removal of the load is probably due to local crushing of 
the thread surfaces in contact rather than to permanent set of the 
material as a whole. 


lead error of screw, 
sin. 24-thread S.A.E. Standard tap 


9480 Ib.) bolt failed in thread at face 


loose fits recommended as the maximum by the Screw 
Thread Commission, and is greater than should occur in 
practice. 


9650 No tests were made upon specimens having small clear- 
9280 . a . . 
9155 ances, but the curves in Fig. 4 give no indication that 
9340 appreciably higher strengths would have been obtained. 
99990 mM * 
9770 As, however, only 81 per cent of the thread surfaces are 


in contact, greater strength would be expected, particu- 
larly for the close and wrench fits. Experimental work 
could well be undertaken to supply information on this 
point. 


threads; 


9465 pees ; ; 

9510 rhe fine-thread nickel-steel screws show a marked de- 
a crease in strength with increase in clearance, as shown by 
VI1loO = = - 3 

9750 Fig. 5. In this case there is reason to believe that screws 
9595 


having less than 0.015 in. clearance would show higher 
strengths. The smallest clearance tested for these 
specimens as well as for those having coarse threads, much 
greater than the 0.0105 in. recommended by the Com- 
mission. As the depth of thread is 0.0271 in., only 72 per 
cent of the thread surfaces are in contact if the clearance is 0.015 
in., while the Commission recommends at least 91.5 per cent. The 
strength, especially the yield point, decreased very rapidly with an 
increase in clearance, this decrease for an increase in clearance from 
0.015 to 0.026 (52 per cent of the thread surfaces in contact) was 
about 25 per cent for both the yield point and the proportional limit 

The difference in the behavior of the coarse- and the fine-thread 
specimens is not easily explained. If made of the same material 
and with the clearance in both cases proportional to the depth of the 
thread, it is probable that the strengths would be thesame. Screws 
of nickel steel, heat treated, should be stronger than those of cold- 
rolled steel. The area to be sheared at the base of the thread, if 
failure occurred in that way, is much larger for the nut than for the 
screw, which would justify nickel-steel screws. Fig. 3 shows, how- 
ever, that failure occurred by shearing or bending the thread in the 
nut. As the decrease in strength in each case was about 25 per 
cent for the greatest clearance tested, there is no very noticeable 
difference in this respect although the fine-thread series decreased 
most rapidly. 

The effect of varying the angle of the face of the nut is shown in 
Fig. 6. The angles are in all cases so small that the screw is 


1s, 


ests bolt 
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7000 Ib. to nearly 10,000 Ib. may have been due to the use of coal 


apparently bent until the nut bears over the entire face without 
decreasing its strength. A slight decrease, as shown at 5-A, might threads in the first and of fine threads in the second case an 
be expected, but increases are shown at 5-B and 5-C. It should be 8 For heat-treated 3'/. per cent nickel-steel screws, open-hearth 
remembered that in service in tightening the nut there is a reversal cold-rolled steel nuts gave as great strength as nuts of the f 
of stress in the bolt which may reduce the strength much below that material as the screws 

found for these tests 0.000 ; 

The amount of movement after the proportional limit is reached 
s the lowest for the screw and nut of open-hearth cold-rolled steel, anno| | | | | | 
capa Yielal Pasm4 


n the ecold-rolled-steel 


is in the clearance tests, and the greatest for the nickel-steel screw 
nut The screw and nut of nickel steel = | . e a 
ppear to have a movement between these two 2” ~— r & T ’ t t ; ; 
al ‘ + a 


























( ONCLUSIONS ong 
| The axial movement of a screw in its nut is approximately pro- 8 . 
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e relative movement of the screw and nut is practically the 
mate strength of the threads. 

tof Variation in Pitch-Diameter Clearance: nnol 

As the clearance increases, the rate of movement between screw = —_—_—. 7, se 








nut increases. 

t As the clearance increases the proportional limit and yield point ; | 

decrease, but the effect is not very great for tolerances and allow- eT Proportional | tA 
inces recommended by the Screw Thread Commission. : 

Effect of Variation in the Face Angle of the Nut: , re Tne 

» As the face angle of the nut with a plane perpendicular to the 

of the thread increases, the rate of axial movement of the screw 





Errect oF Face ANGLE OF Nut ON STRENGTH oF THREADS 


in the nut increases. Fic. 6 
6 As the face angle of the nut increases the proportional limit and 

yi ld point are practically constant for angles up to 6 deg. 9 The nickel-steel specimens, even when the nut was of open- 

“ ffect of Material upon the Tensile Strength: hearth cold-rolled steel, showed more movement after the propor- 

? Apparently the strength is increased if, instead of making the _ tional limit was reached than the specimen having both screw and 


nut of open-hearth cold-rolled steel. This may prove to be an ad- 


Screw and nut of open-hearth cold-rolled steel, the screw is made 
vantage if the threads are abused as by overstraining. 


from heat-treated nickel steel. It is possible that the increase from 














Chip Formation by Milling Cutters 


By C. F. 


O UNDERSTAND the phenomena occurring during the 
failure of any metal-cutting tool, it is necessary to know 
the mode of formation of the chip. The object of the in- 
vestigation undertaken by the author and described below was to 
determine by observation the successive steps in the formation 
of a milling-machine chip. The cutting action of a turning tool 
has already been explained by the late Dr. F. W. Taylor and 
Prof. John T. Nicolson. 
The machine employed for the test was a No. 3 Brown & Sharpe 
milling machine. By a system of indirect belt drive from an elec- 
tric motor the spindle was run at the low speed of 0.2 r.p.m., 








Fic. 1 
Depth of cut, 0.080 in 


giving a cutting speed of 1.5 ft. per 
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STAGES IN THE FORMATION OF A Cuip By A Toot Havine a Rakt 


INCINNATI, OHIO 


From a study of the actual formation process of the chips, and 
of photographs of the process, the author deduces the following 
conclusions: 

The tool compresses the metal until the load is sufficient to shear 
a chip off as shown in the accompanying illustrations. After this 
slip has taken place, the point of the tool slides over the surface 
and gives it a finish. While the metal is being compressed, it is 
deformed and spreads out over the face of the tool. If a heavy 
cut is taken, this lateral strain becomes great enough to split the 
chip before it shears off. A small rake angle on the tool has a 


tendency to cause the same action. After one chip is sheared 





ANGLE oF 20 Dra 


angle of shear, 24 deg 


off another begins to form, and the 





min. A cutting speed of less than 
1 ft. per min. would have been 
preferable, but sufficient power was 
not available to remove the chip at 
such a low speed, since the belts 
would slip. The ideal way to carry 
on an experiment of this kind would 
be to have the milling-machine 
spindle geared to the motor through 
the proper reduction gears, thereby 
making a positive drive. 

Paraffin and lead were first em- 
ployed as test materials, but the 
former crumbled under the pressure 








, , 
the tool and 


preceding chip slips ove 


away from the work. This slipping 


action Is accor pal ied by i slight 


turning action, and the two combined 
the tool to wear away on the 


the cutting edge 


face, just back of 
The size of the chips depends upor 
the kind of metal cut, the depth 

cut, and the cutting speed. In tl 
case of a soft, ductile metal such : 
steel, 
sheared off does not drop away b 
is held in place by properties 

herent in the metal, and a successic 


the: section or chip which 














of the cutter and the latter proved 
to be too soft for experimental pur- 
Jabbitt metal, however, was 
found to be satisfactory, and a com- 
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the angle of shear is 31 





of these chips curl off and form a lor 
Cast iron, however, act 
differently, the chips dropping aw 

directly they are sheared off. 


MFTEEN PHOTOGRAPHS OF A CuT 
a RAKE ANGLE or 20 Dea. 


g. 1, being 0.125 in. in depth, and 
2 deg 


shaving. 
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STAGES IN THE FORMATION OF A CHIP 
(Depth of cut, 0.125 in 


parison of chips from this alloy and from steel showed that the 
cutting action was the same in both cases. 

Tests were made with rake angles of the cutter ranging from 
0 deg. to 20 deg. with the results indicated in the typical photo- 
graphs reproduced in Figs. 1 to 3. 

Abstract of a thesis presented by the author to the faculty of the College 
of Engineering of the University of Cincinnati in part fulfillment of the re- 
quirements for the degree of mechanical engineer. 

! Asst. Plant Engr., Cincinnati Milling Machine Co. Jun. 
A.S.M.E. 


Mem. 
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; angle of shear, 28 deg 


BY A Too! 


As far as the author was able to observe, there was no crack 
preceding the point of the tool, except at the point of shear. 11 
angle at which shear takes place varies with the material, the dep 
of cut, and the rake angle of the tool. This angle increases as t 
cut deepens and as the rake of the tool is increased. As this angle 
increases the area of shear becomes less, and therefore the shearing 
stress becomes smaller. This may account for the fact that a 
thick chip 1s removed with less power than a thin one. This 1s 
probably true only up to the point at which the chip begins to split 
and crumble, after which power is wasted in deforming the chip 
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The Development and Importance of Preferred- 
Number Series 


By HILDING TORNEBOHM, STOCKHOLM. SWEDEN 


LL MODERN 


industry is 


standardizing in the mechanical branch of 


theoretically based upon series of numbers. 
The suecess of such standardization depends upon our 
ability to select an adequate series of numbers for each case, and 


he question of devising certain series which will fulfil the general 
requirements is now under consideration. 


; 


The advantages to be 
gained from this procedure are that the numbers will be repeated; 
there will be a minimum number of tools of all kinds; workmen 
will get used to the designating numbers and will soon recognize 
that if another number is introduced it is to care for an extra- 
ordinary case; and those charged with the work of standard- 
izing will in most cases know the numbers they will have to use. 
The construction of these series of numbers is evidently of great 
importance. It must not be forgotten, however, that we are 
hampered to a certain extent by the common practices of manu- 
facturing, which are very often far from the ideal. A study of 
such series of preferred numbers and how they may be constructed 
will be the object of the following discussion. 

The simplest of all series is the normal succession 1, 2, 3, 4, 5, 
If this series were always employed, all 
decimals would disappear. We have also to consider other than 
for instance, one for screw diameters, 


i, 7, 8, 9, and so on 


etric series, 
‘hes, 


erted 


ery small intervals, at least for the practical manufacturing of 


specified in 
which will give figures ending in decimals if they are con- 


into millimeters. Since 


the above-mentioned series has 
articles of large size, it is not an ideal one for standardizing purposes 
lhe desired economies would not result if the manufacturing were 
ne according to a series whose intervals were smaller than neces- 
It is generally the case in standardizing that a fixed amount 
not be taken as the difference between the successive sizes in 
ries of articles of the same kind. The difference must be speci- 
fied in percentage of the size, which indicates that a series used for 
standardizing purposes ought to be geometrical instead of arith- 
metical. 
It may be asked if the geometrical series can be recommended 
ill eases, or if not, how the series used in standardization should 
be built up 
If the different numbers in a series are laid out along a line, as 
OX, Fig. 1, the numbers will be represented by the lengths Ly, 
I», La, ete Suppose that for a certain size it is desired to use a 
dimension represented by the length L. This dimension, which 
have been obtained by calculation according to the strength 
' the material, lies between L, and L, 41. If nowit is desired to 
1 standard size, it will be necessary to employ either L,, or Ly, + 1. 
If the dimension L was very closely calculated, it is possible that 
he dimension L, eannot be allowed, in which case L,, + 1, will have 
used, or one larger than needed. This will result in a loss if the 
larger size, being a standard one, is not just as cheap or cheaper 
than the L, which would have to be manufactured specially. 
lf the article with the dimension L could be manufactured in 
the same way as if the dimension were L, + 1, it would certainly 
mean a loss were we to use the latter. This loss would, to a certain 
extent, be represented by the distance L, +1 — Land the maxi- 
mum value it could reach would be L,, « 1 — L», which would be 
when L = Ly. 
If the cost of a certain detail of a standard size with its principal 
dimension Ly + 1 be denoted by fm (Ln + 1), and the cost of the 
same kind of an article of a special size with its principal 


rhe principles set forth in this comprehensive discussion of the subject 
o! preferred numbers are accepted by ‘the Sveriges Maskinindustriférenings 
“tandardkommission (Standards Commission of the Swedish Machine 
l'rade Association), of which the author, a civil engineer, is a member and 
Mr. Erik Fornander the secretary. The A.E.S.C., which received this 
discussion and has transmitted it to MECHANICAL ENGINEEING for publica- 
tion, points out that it is the first one to give quantitative consideration to 
the economies obtainable through the adoption of preferred-number series. 


dimension assumed that the difference 


L by fs (L), and if it be 
ale 


between the principal dimensions of two articles of standard size 
will have to be of such an amount that it will not pay to manu- 
facture a special size in between two standard sizes, the following 
limiting equation can be written: 


fullon 41) = fo(Lr) 


1 


This equation gives the largest amount of the difference between 
the principal dimensions of two articles of standard size that is 
consistent with economical production. 

For convenience make the principal dimension L, 4 1 equal to 
Ly + an. The interval at L, is then represented by a, and the 
equation will be 


Im(Ln + Ay ds Ln 
Without serious error it can be assumed that 
f(L k fim (L 


which implies that the cost relation between a standard article 


« Ly 








of a given size and 
all values ol L. 


i speci il article of the 


Whence 


same size is constant for 


fallen + Qu) = k faa(Ln 1] 


The constant k can evidently be modified so that the equation 
will serve for general conditions as well as for maximum. It will 
then hold good for all standard values of L 

It would be possible to make up a standard series, by substituting 
suitable constants in Equation [1], and then solving for a in terms 
of L. would of course be somewhat laborious, 


but the intention is not to use the equation in practice but to derive 


Such a procedure 


certain general rules by studying one or two special cases. 

Assume that the costs for a series of a given kind of article are 
in proportion to the main dimensions. This supposition is valid, 
especially when all dimensions of the articles except the principal 
ones are constant, these tatter being variable. For example 
if */<-in. screws of a certain kind are to be standardized with regard 
to their lengths, the principal dimension in this case will be the 


length L, and we can write 
f(L) = AL+B 


Equation [1] will then read 


or 


B 
k—1)L+ =(k—1). [2] 
( TA’ 


a= 


Equation [2] is that of a straight line. 

If in Fig. 2 the first dimension is L;, Le and L; are obtained in 
the way there indicated. 

Taking another example, let it be assumed that the cost varies 
along the curve of an equation of the second degree. Then 


f(L) = AL? + BL +. . [3] 


587 





588 MECHANICAL 
If this value of f(L) is inserted in Equation [2], it will be found 
that the value of a often varies along the branch of a hyperbola, 
as is shown by the dotted line in Fig. 2. 

Assuming that the function varies along the curve of an equation 
of the third or fourth degree, values will be obtained which 
follow the above-mentioned branch of a hyperbola very closely. 
The branch of a hyperbola approaches a straight line, which indi- 
cates that the intervals ought to form a geometrical progression. 

In constructing series of a geometrical nature, mixed numbers 
often result. Naturally when arranging a standard series it is 
desirable to use only whole numbers, and one way of doing this 
is to round off the mixed numbers to the nearest whole numbers. 
For the purpose of developing a law for selecting numbers and in 
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addition providing for the introduction of specially preferred 
numbers into the series, the following method can be recommended. 
In Fig. 3 the straight line OC represents the costs. This line 
passes through the origin O, as obviously the cost of an article 
of zero dimension must be nothing. On both sides of the line 
OC other straight lines OD and OE are so drawn that they intersect 
any ordinate at equal distances above and below the line OC, that 
is, dc = ce. These two lines can very well serve as limits for the 
departure from the straight line OC. It is seen then that the de- 
parture at any value of L will be a constant percentage of L. 
The Swedish Standards Commission has, in selecting a series of 
numbers for lengths, proceeded in the above-mentioned manner. 
The result is the following series: 5, 6, 7, 8, 9, 10, 12, 14, 16, 19, 22, 
25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200 
etc. (see Fig. 4). It may not appear rational, when we are un- 
certain as to the constants which have to be used, to devise a series 
in this way, but we must bear in mind that systematization is 
necessary in all standardization, otherwise we would have to expect 
changes as a consequence in the future. Changes, however, may 
become necessary for any number of reasons. This series has 
been tried out for a number of years in Swedish works with good 
results, but of course it may eventually become necessary to intro- 
duce a few additional numbers. 
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The German Standards Commission has without hesitation 
adopted the idea that series for standardizing purposes ought to 
be geometrical. The German solution of this problem, which must 
be considered a very good one, especially in the case of type stand- 
ardization, is simply that 4/10 is taken as the ratio in the geo- 
metrical progression. The reason why this ratio is selected is 
that the tenth term will be ten times as large as the first term. The 
series is as follows: 


l 10 LOO 
1.2 12.5 125 
1.6 16 160 
2 20 200 
Za 25 250 

} 30 300 

| 40 100 

5 50 500 

6 64 640 

8 SO 800 
10 100 LOOO 


In addition to the foregoing series, 


Germany has introduced 
\s the extremes 
in all these series are either 1 and 10 or 10 and 100, some of the 
mean terms will be alike. 

In the standard sheet DINORM 323 BI. 1, issued by the Normen- 
ausschuss der Deutschen Industrie, it is specified that the series 
with the ratio 4/10 (1, 1.6, 2.5, 4, 6, 10, 16, 25, ete.) shall be used 
wherever it is possible. When not, the next ratio +/ 10 
(1, 1.2, 1.6, 2, 2.5, 3, 4, 5, 6, 8, 10, etc.) is to be considered. If 
a series with still smaller intervals is desired, the series with the 
ratic 4/10 may be used. The last series, with the ratio \ 10, has 
such small intervals that its first term is 10, and it will naturally 
be used only in extreme cases. It is further stated on the standard 
sheet that these four series are to be used in the standardization of 
different sizes of machines of the same type, apparatus, buildings, 
etc., but for normal finished diameters another is recommended. 

In the opinion of the author, the German series have but one 
defect, which is that the number 12.5 has been considered necessary 
in the 4/10 series; however, a rounding off of this number to 12 
would bring about uneven steps in the ¥/10 series. 

It has been stated that different purposes call for different series 
such as series for standardization of types, of normal diameters, 
and of lengths. What, it may be asked, is the difference between 
these series, and why should not one series be sufficient? Fron 
the author’s point of view it is quite necessary to distinguish betwee: 
the various series used for standardization on account of the entirel) 
different character of the subjects standardized. 

A single example will show that geometrical series alone are not 
enough for standardizing purposes. The values of our coins fort 
a standard series which is not and could not be geometrical. T! 
stipulation for the coin series is that the sum of two or more coi! 
must equal the value of a larger coin. This result cannot be o! 
tained by a geometrical series. 

The following classification of the various series required 
standardization work will be of interest. 

1 Series for Types. These series have to be used for standar 
izing principal dimensions such, for example, as diameters 
threads, diameters of pulleys, internal diameters of ball bearing 
machine tools, candlepower of incandescent lamps, output of moto 
etc. The German series are applicable for this group of standar 
but cannot cover all cases, some exceptions being diameters 
threads, diameters of pipes, ete. 

2 Series for Lengths. These series are suitable for standard- 
izing different sizes within each type; for example, lengths of ser: 
lengths of threads, widths of pulleys, ete. 

3 Series for Normal Diameters. These series are usable 
standardizing gages for diameters. A series of normal diameters 
is intended for the purpose of reducing the number of such too! 


series, 


(Continued on page 613) 


1 The numbers of these series are given in Table 4 of the paper on Size 
Standardization by Preferred Numbers, by C. F. Hirshfeld and C. H. Berry, 
in MECHANICAL ENGINEERING, December, 1922, p. 791. 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


Nusselt’s Coefficients of Heat Transmission and Their 
Range of Application 


By ALFRED 


(THE author discusses the coefficients of heat transmission 


previously determined by Nusselt, the mean temperature of 


ross-section, 


and the mean true temperature of a stream of 
iquid or a gas. He criticizes the precision of Nusselt’s experi- 
ents and offers practical methods for measuring [ 


quantities of 


If tr is the temperature of the inner wall of a pipe, te the tem- 
erature of the fluid (gas or liquid) flowing through the pipe, then 
the amount of heat transmitted per hour per square meter « 
irface from the pipe to the gas or vice versa i 
Q) a X (tr — te) (cal. per sq. m. per hour 1] 
here a@ is the coefficient of heat transmission 
Contrary to views formerly held, it has been found that t! 
ficient not only not constant but is highly complicated and 
een until now an imperfectly known function of the properties 
the fluid, pipe, velocity of flow, et W. Nusselt in 1909 
first to throw a clear light on the nature of this coefficient. 
The author claims, however, that both Nusselt and his successors 
e failed ike into consideration certain factors affecting the 
recision of measurement of temperature. The temperature is 
tt at all uniformly equal through the cross-section of the pipe 
nd neither are the components of velocity in a turbulent flow lying 


1 the direction of the flow. When the temperature of the gas is 
ywer than that of the pipe the layers of gas lving nearest the wall 
f the pipe are hottest, and yet the velocity of flow of the gas there 

+ zeTo 

On the other hand, it is obvious that the amount of heat carried 

per hour by the gas through any part of the cross-section of the 
pipe is proportional to the velocity and temperature of the particles 
lowing through the given cross-section. If, therefore, it be assumed 

at contrariwise to the conditions in the Nusselt test the gas is 
ot while the pipe is cold, the amount of heat flowing through the 
ross-section will be obviously different from that which will flow 
the case where the pipe is hotter than the gas, and will be differ- 
notwithstanding the fact that in both cases the mean tem- 
erature of the cross-section, the velocity of flow, and all the other 
conditions are equal. The velocity distribution may be equal in 
oth cases, the temperature distribution is not. When the pipe is 
ot the temperature of the gas reaches its maximum near the pipe 
vall and its minimum in the interior, while the contrary prevails 
when the gas is hot and the pipe is cold. 

If the products of velocity and temperature in the various parts 
if a cross-section are obtained and added up, it will be found that 

e flow that carries the greatest amount of heat through a given 

ss-section is one in which the maximum temperature is in the 

side of the pipe, since in that case the maximum of temperature 
oimeides in locality with the maximum of velocity of flow. With 
€ same mean value of temperature through a cross-section, 

e same velocity of flow, the same dimensions of pipe and the 
ume gas, the amount of heat carried through a given cross-section 
per hour will be greater in the case of a pipe that is colder than the 
as than in the case of one that is hotter. 

The most significant thing in both cases is, however, that in 
neither of the two will the “true heat’ carried through a given 
cross-section be found by a process of multiplying the correctly 
determined mean temperature of a cross-section by the correct 
velocity of flow and the correct specific heat of the gas. In the 
rst case excessively large, and in the second case excessively small, 


SCHACK 
he it Values W I | It the retore becomes necessary to intre 
duce a new kind of average te mperature of gas which the author 
calls the “true mean temperature,” which, when multiplied 
the velocity and specifie heat of the gas, will give the amount 
heat tually flowing through a pine cross-section, irrespective ol 
whether e pipe wall older or warmer than the fluid passing 
through the pipe 

It w Ci r wii t called attention to the exis ce ¢ 1 ¢ 
ere! ‘ meé I te } tg oO i CTOSS-s f t T 
the true meal ure tg « 9 trean He found t 
the N t { i ies is much as 40 
per ( ( er | Line \ eit ( cient of heat 
transfer mM expresst Actu: ever, it is 1 
the de I er, W is pu il t t 
method nt used | Nu » thes é, 

The pre ims that ean be shi é 

ta ( Nusselt used, his results would 

quite e to the true values if only he had used a pipe 
colder than the gas, and had thus worked with the directio 
transfer opy e to that which he actually had in his tests. By 
en pl Ving asa indation the theories of Prandtl and Von Karman 

expression may be derived for the difference between the “tru 
mean’ gas temperature and the mean temperature of a cross-sec- 
The T ‘ 


where la is the temperature of the gas at the axis of the pipe and 
[R the temperature of the pipe wall, both in degrees centigrade 
rom this expression it would appear that, contrary to the opinion 
of Gréber, the values in the individual tests of Nusselt are at most 
6 per cent too high, and in the majority of instances considerably 
less in excess of the true values. The case would have been the 
same had Nusselt in his measurements actually determined tg 
instead of te. He did not do this, however, and an entirely new 
situation is thus created. For his measurement of temperatures 
Nusselt used a spirally wound resistance thermometer which did 
not touch the pipe wall. It may be shown that on account of this 
a temperature was measured which is materially nearer the true 
mean temperature fg than the mean temperature of cross-sec- 
tion tg. Furthermore, since Nusselt did not find any appre 

ciable effect of the influence of the pipe length, i.e., the distance 
between the two points of measurement, it may be concluded 
that the temperature which he measured lay quite close to le 
It may further be shown that the radiation from the hot pipe walls 
could have caused an error which even under the most favorable 
conditions did not exceed 1 per cent. Taking everything into con- 
sideration, it would be fair to estimate the possible error in the 
Nusselt formula as being at most under 2 per cent, though it cannot 
be stated whether the deviation is positive or negative. 

It would appear that in experimental measurements such as 
those of Nusselt the difference between t¢ and te is not of great 
importance. The situation is different at times, in particular in 
heat measurements on flowing gases and liquids, which are of great 
importance in metallurgical industries. Here one also has to deal 
with the true temperature te, and the question arises as to what is 
the correct method of measurement by simple means. If a ther- 
mometer properly protected against radiation be placed jn the axis 


OSU 
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of the pipe, i.e., the place where the highest temperature prevails, 
a temperature about 12.5 per cent higher than te will be obtained 
(te = 0). Calculation would indicate that the true gas temperature 
is a resultant of the temperature at the axis of the tube t4 and the 
temperature of the wall of the pipe fr in accordance with the ex- 
pression 


This is under the assumption that there is a completely evolved 
state of velocities and temperatures, and that the measurements 
are taken at a point several diameters back of the last interruption 
of a smooth straight pipe. According to Equation [3], te may be 
determined from two measurements, f4 and fr. It is possible to 
determine te by a single measurement in the following manner. 
If the cross-section of the temperature field of an undisturbed tur- 
bulent flow be plotted and on it be plotted the computed mean 
true gas temperature te, the intersection of the straight line ft¢ 
with the temperature curve will be found at a distance '/s of a 
diameter from the wall of the pipe whether the pipe be cooler or 
warmer than the gas, the diameter here being the inside diameter 
of the pipe. As it is rather difficult to maintain a distance of '/s 
of a diameter from the pipe wall, it is advisable to err in the di- 
rection toward the center of the pipe rather than toward the wall, 
since in the first case the error is comparatively small while in the 
latter it is large. In order to determine the true gas temperature 
in an undisturbed turbulent flow of gas or a liquid, the bulb of the 
thermometer or the contact point of a thermoelement should be 
held in the stream at a distance from the wall of the pipe equal to 
1/, of its internal diameter. (In actual practice, however, it is 
difficult to obtain in the case of pipes of large diameter undisturbed 
flow of the fluid.) 

From this the author proceeds to an investigation of the extent 
of the field in which the Nusselt formula holds good. In this connec- 
tion he considers the question whether the Nusselt formula is appli- 
cable to such conditions as occur, for example, in metallurgical plants, 
and comes to the conclusion that it isnot. This is due to the fact that 
the formula is based on the assumption that the drop of temperature 
at the tube wall in the radial direction is proportional to the product 
of powers of all the magnitudes on which it is dependent. In order, 
however, to be able to apply the principle of similarity, it must be 
further assumed that all the exponents of these variable quantities 
are constant, and this cannot be done except on experimental 
proof. Nusselt’s own tests have shown that this is so, but only 
within the range of his experimental work. There is no question 
but that within a limited range any function may be very closely 
represented by a power of a variable, but a conclusion should not 
be drawn from this that further variations of the function may 
likewise be expressed by the same power. In other words, it should 
not be assumed that one may safely extrapolate to any degree 
whatsoever, or that in this expression the true organie law of the 
function has been found. However, the chances are that in 
the majority of cases within some different range of the application 
of the function another exponent will have to be selected for 
the variable in order to express the functional variation, and 
the ranges covered by each of these exponents may be of variable 
extent. 

It follows from this general expression that it is quite unlikely 
that all the exponents expressing the radial drop of temperature 
at the tube wall in accordance with the Nusselt formula would re- 
main constant even after a material change in the experimental 
conditions, particularly as the Nusselt formula does not represent 
the true function with respect to a. It is merely a mechanical 
approximate formula not capable of extrapolation, intended to 
express the still unknown physical law. Because of this the 
availability of the Nusselt formula in no way eliminates the ne- 
cessity of tests in fields of application where conditions differ ma- 
terially from those which obtained during Nusselt’s own tests. 
On the other hand, extrapolation is permissible in cases where 
conditions do not materially differ from those in the Nusselt tests, 
for example, with smooth pipes up to 10 cm. (4 in.) inside diameter. 
It should not be applied, however, to the cases of brick-lined pas- 
sages, etc. 
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In particular the influence of radiation makes it inadvisable to 
apply without further reservations the Nusselt formula under 
certain conditions to the case of hot gases containing water vapor 
or carbon dioxide. Contrary to what happens with air, 
dioxide and water vapor and possibly the majority of other tri- 
atomic and polyatomic gases are not entirely transparent to dark 
radiations. Their absorption (the original article gives some 
figures) depends on the wave length and is roughly of the order of 
50 per cent of the total radiated energy. (Abstract of a more ex- 
tensive investigation by the author in preparation for publication. 
Abstracted through Stahl und Eisen, vol. 48, 29, July 19, 1923, 
pp. 942-946, tA) 
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Some CompressivE Tests oF HoLtitow-TiLte Watts, Herbert 
L. Whittemore (Mem. A.S.M.E.) and Bernard D. Hatheock. The 
Bureau of Standards has published the results of tests of hollow 
building tile in its Technologie Paper No. 120. The work was 
done in coéperation with committee C-10 on hollow building tile 
of the American Society for Testing Materials. As the strength 
is important when built into a wall, similar tile were used in con- 
structing 32 walls each 4 ft. long, 12 ft. high, and either 6, 8, or 
12 in. thick. The National Fire Proofing Company donated all 
the tile, which were of such design that all the net area was in 
bearing when carefully set on end in the wall. As the strength of 
these tile was greater than the strength of the average tile used in 
buildings, the results of this investigation should be used with 
discrimination. 

The mortar used was a mixture of the following proportions: 
1 cu. ft. of portland cement, '/, cu. ft. of hydrated lime, and 3 cu. 
ft. of sand dried in an oven. The walls were laid with great care 
by an experienced mason, and were of much better workmanship 
than is usually obtained. 

The walls were, with a few exceptions, tested when one month 
old. After placing a wall in the testing machine, it was capped 
with plaster of paris, the upper head brought into contact with 
the wall, and the cap allowed to set for 12 hr. or more. 

Compressometers were placed at each corner, and readings 
taken during the test. Stress curves were drawn to show the be- 
havior of the walls. Strain-gage readings were also taken, both 
on the tile and across the horizontal joints. Due to the great 
differences in the modulus of elasticity of the tile and the lack of 
data on the modulus for the particular tile or which strain-gag 
readings were taken, these readings were of little use. The hori- 
zontal deflections of the walls were measured at midheight of the 
walls. 

The following conclusions may be drawn from the results of th 
tests: 

a Although the strength of the individual tile in lot A was about 
twice that for the tile in lot B, the strengths of the walls made from 
these tile were only slightly greater. 

The ultimate strength of the walls made from the A tile averaged 
about 37 per cent of the strength of the individual tile, while thos« 
made from the B tile averaged about 55 per cent. 

b From the theory of columns, it might be expected that a thick 
wall, the height being the same, would sustain a greater load than 
a thin one. These tests, on the contrary, show no effects that can 
be definitely ascribed to “column action.” 
the small deflection of the walls. 

c Apparently there is no relation between the ultimate strength 
of a wall and the load at the first crack. 

d The walls having the cells of the tile vertical had, on the average, 
more than twice the strength of those having the cells horizontal. 
For both these cases the values of the stress at failure were remark- 


This is confirmed by 
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ably constant, being apparently independent of the size of the tile. 
The ultimate stresses computed on the net sectional area were 
also somewhat greater for the walls having the cells vertical, except 
for the 6-in. A tile, for which the stresses in the walls having the 
cells horizontal were slightly greater. Apparently the advantage 
of setting the tile with the cells vertical is greater for eccentrically 
loaded walls than for walls which are axially loaded. 

e In only one case could a direct comparison be made between 
“broken” and “unbroken” joints. Wall No. 31 with “broken” 
joints, but in all other respects identical in construction with walls 
Nos. 25 and 26, which had “unbroken”’ joints, shows a much higher 
strength. Conclusions, however, should not be drawn from the 
results from one specimen. Attention is called to the fact that in 
these tile the transverse webs were spaced to give full bearing over 
the end of the tile when the cells were vertical and the joints 
“broken,” as well as when the joints were “unbroken.” 

f For the axially loaded walls, the failure was sometimes by crush- 
ing at the top and sometimes by vertical cracking through the 
joints. No consistent difference in strength was found for these 
two types of failure. Probably the crushing at the top was de- 
termined by the plaster cap, which was somewhat weaker than 
the mortar jont 

q Walls loaded with an eccentricity of 2 in. over one-half the 
width of the wall had about one-half the strength of similar walls 
axially loaded Apparently this ratio is independent of the thick- 
ness of the wall. The maximum deflection for the eccentrically 
loaded walls was, on the average, 0.04 in., undoubtedly a very 
small value, which was exceeded by six of the axially loaded 
walls 

h Failure, in the case of the eecentrically loaded walls was local 
Phe upper bearing pl ite rested on two of the webs of each tile in 
the upper course. The'‘stress in these webs was therefore much 
greater than in the lower courses in which the load was more uni- 

mily distributed 

Phe modulus of elasticity of the walls varied over a wide range, 
d apparently there is no relation between the modulus for the 
ill and that for the individual tile 

Due to the wide variations in the moduli of elasticity of the 
e and in the deformation of the joints, it seems probable that 
f a tile wall is caused by the unequal distribution of thi 
tresses. Therefore any means of securing a more uniform stress 
listribution, such as selection of tile having the same physical 
roperties and setting them with a uniform thickness of joint, 
would be exp ted to increase the strength Abstract of Tech- 

oqu Pape of the Bureau of Standards, no. 238, e) 

INVAR AND Revatep Nicket Streets. This circular of the 
Bureau of Standards is mainly a compilation of data obtained 

iring the last 30 years by various investigators of the different 
properties of nickel steels. Particular attention is given to “invar,”’ 
i nickel-iron alloy containing about 36 per cent nickel and possess- 


ig an extremely small thermal expansivity at ordinary temper- 
tures, the mean coefficient of linear expansion between 0 and 40 

g. cent. being on the order of 1 to 2 millionths. The results of 
nvestigations made on the various properties of the nickel-iron 
illoy series are presented largely in diagrammatic and tabular 
rm 

The anomalous behavior in the thermal expansion of nickel-iron 
loys at various temperatures is illustrated by a number of dia- 
rams. The degree of thermal expansivity reaches a minimum in 
iloys with about 36 per cent nickel (and 0.4 per cent manganese 
nd 0.1 per cent carbon), and the position of this minimum may 
modified by the presence of added elements as chromium, ete., 
nd also by thermal or mechanical treatment. 

The thermal conductivity and specific heat of nickel-iron alloys 

oW minimum and maximum values, respectively, at about 35 
er cent nickel. 

Some data on the mechanical properties and also Brinell and 
Shore scleroscope hardness numbers of nickel steels with the nickel 
content ranging up to about 50 per cent are given in both tabular 
ind diagrammatic form. The tensile properties of invar may 
run as follows: Tensile strength, 50,000-100,000 lb. per sq. in.; 
elastic limit, 30,000-70,000 Ib. per sq. in.; elongation, 25 to 50 
per cent; and reduction of area, 40 to 70 per cent. 
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Nickel steels present anomalies in the elastic modulus corre- 
sponding closely to those found in thermal expansion. It has been 
found that the degree of anomaly can be reduced in very large 
measure by means of suitable additions made to the alloy, namely, 
about 12 per cent chromium or its equivalent, this alloy having 
recently been introduced under the trademark “elinvar.”” This is 
of practical importance in the construction of watches and chronom- 
eters, where the degree of error with variations of temperature 
and consequent need for compensation may be made very small 

Resistance to corrosion by fresh and sea water and acid liquors 
increases with the proportion of nickel. An alloy containing about 
18 per cent may be regarded as practically non-corrodible. The 
resistance of invar to oxidation, while very much greater than 
that of ordinary steel, is not perfect, therefore it is advisable to 
coat an invar instrument with a protective coating such as vaseline 
if it is to be exposed for a long time in a moist atmosphere 

The extent and nature of applications of nickel steels are dis- 
cussed. <A list of makers of nickel steels and dealers in nickel 
steels of minimum thermal expansivity in America and also a 
selected bibliography are included Abstract of Circular of the 
Bureau of Standards, no. 58, 2nd edition, de) 
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PRESSURE SYSTEM OF POURING IN A Non-FERROUS FouUNDRY, 


Roy EK. Paine. Data on a process for making castings without 
risers or feeding heads, developed in a brass foundry in San 
Francisco 

In this case the metal is poured through a square gate at the 
bottom, and usually a small horned gate is used. This is connected 
to a vertical gate about twice the diameter of the bottom gate and 
extending 18 i bove the top ol the casting (T course green- 
sand molds must be rammed firmly to withstand the pr ire ex 
erted by the metal while in a fluid condition and to prevent the 
metal from str ng or from burning on to the face of the mold 
Phe problem « particularly difficult in connection wit] 
the svstem of pressure casting, but a core mixture has been de- 
veloped whi e that does not burn on and that is removed 
easily iv 1h tie I eta eX rl 1 rT‘ it lu I ‘ yi the 
su Ssiul AD] ol pressure ¢ isting 

It is cl d that the pressure system of pouring castings offers 
several advantages. It is not necessary to make provision for 
risers, feedu rg heads ind heavy gates Castings do not have to 
be burned where shrinkage has left large holes at the gate of feeding 
head. It is also claimed that a denser casting is secured and that 
costs of cleaning are reduced The Found /, vol 51, no 14, 


July 15, 1923, pp. 559-561 and 597. 10 figs.. d 


Die CasTINGs FOR OWEN SounbD PLANT, Herbert Chase. Data 
of the practice in the plant of the Stewart Manufacturing Cor- 
poration building die-casting machinery for the Aluminum Prod- 
ucts Manufacturing Co., Owen Sound, Ont., and also in the plant 
of the latter company 

Three general types ol die-« asting machines are employed: a 
horizontal type used chiefly for the smaller castings made in other 
than aluminum-base alloys, a vertical type used for larger castings 


f 


of the same character, and an aluminum machine used entirely 
for aluminum-base castings. The three types operate on the same 
general principle, but are quite different in appearance. All types 
have the following essential parts: two members for carrying 
the two halves of the die, so arranged that the dies can be held 
closed under considerable pressure during the casting operation 
and then quickly opened to eject the casting; two core carriers, 
usually arranged to move at right angles to the direction of motion 
of the dies; and a metal pot arranged to be moved up to the die, 
or the die up to it. Each type has somewhat differently arranged 
means for controlling the motion of the various parts. 

The operation of these types is described in some detail. The 
machine for casting aluminum alloys is different in appearance 
from the other machines but is substantially identical in principle 
The halves of the die are pneumatically operated in this case, but 
instead of moving the metal pot up to a stationary die, the entire 
head of the machine containing both the die and its operating mech- 
anism is moved up to a stationary metal pot. The metal pot is 
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closed and sealed to reduce oxidation and contains the molten alum- 
inum at a temperature of about 1500 deg. fahr. 

In connection with the design of parts to be die cast the following 
points should be borne in mind: 

1 Avoid undercuts on inside surfaces so far as possible. 

2 Allow, in the case of aluminum, for a draft of 0.005 in. per in. 
of length and of diameter of cores. 
draft of 0.002 to 0.003 in. per in. 

3 Uniformity of 


On white-brass cores allow a 
section tends to prevent cracking. When 
thick and thin sections are necessary, the transition from one to 
the other should be as gradual as possible. 

4 Allow fillets whenever possible. Even a very slight fillet is 
better than none at all. 

5 The minimum thickness of section practicable varies con- 
siderably with the area of the section. One-sixteenth of an inch 
is usually the practical minimum in the case of aluminum and 

» in. in white brass, but thinner sections have been cast in some 
cases. 

6 The minimum size of hole which it is practicable to cast in 


1 


aluminum is about /16 in. when the hole is not more than 


for a hole '/. 


,; IN. 
in. deep. In the case of white brass 
hole is practicable if the length does not exceed 
-in. hole of almost any length can be cast readily. 
7 The use of knife edges should be avoided. 
(Canadian Foundryman, vol. 14, no. 7, July, 1923 


3 figs., 
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FUELS AND FIRING (See also Power-Plant Engineer- 
ing, Testing and Measurements) 


Surrace ComBustTion AND RapIopHRAGM HEATING, Prof. Wm. 
A. Bone. This paper opens with a brief historical account of the 
development of surface combustion, including the work of the 
author and that of the late C. D. McCourt. 

One of the recent developments in this direction is that of the 
radiophragm. This is based on a process developed by the author 
and his collaborator McCourt in 1909, in which a homogeneous 
mixture of gas and air in the right proportions for complete com- 
bustion was made to flow from a suitable feeding chamber at the 
back to a porous diaphragm of refractory material and caused to 
burn without flame at the surface of exit, which was thereby main- 
tained in a state of red-hot incandescence. The recent improve- 
ments lie in the new methods of manufacturing the radiophragm 
itself. 

The actual method of making these radiophragms, however, is 
not described and only general statements as to tests are made 
concerning them. It is said that they are used for cooking and 
that there have also been constructed and are at present on trial 
appliances for lead melting, type founding, hardening and temper- 
ing of metals, and other purposes. 

An extensive reference is also made to surface-combustion 
boilers, but no new data in this connection are presented. (Jour. 
Royal Society of Arts, vol. 71, no. 3686, July 13, 1923, pp. 596-601 
and discussion 601-611, 6 figs., dg) 


CoMPARATIVE Tests oF By-Propuct CoKkE AND OTHER FUELS 
ror Houss-Heatina Borters, Henry Kreisinger, John Blizard, 
H. W. Jarrett (Members A.S.M.E.), and J. J. McKitterick. 
One of a series of reports published by the Bureau of Mines for 
the purpose of disseminating information regarding the fuels best 
adapted for heating houses. It gives the result of tests that were 
made to compare by-product coke, bituminous coal, and anthracite 
as fuels for small boilers. 

A brief summary of the results is given in a table which shows 
that the efficiency was as high with by-product coke as with an- 
thracite. In fact, the two Capitol boilers gave somewhat higher 
efficiencies with coke than with anthracite. The efficiencies ob- 
tained with Pittsburgh and Illinois coal were 8 to 20 per cent lower 
than that obtained with by-product coke. 

The Pittsburgh tests showed that about 10 tons of Pittsburgh 
coal was equal to 9 tons of coke or 8'/2 tons of anthracite when the 
fuels were burned in the Arco boiler; and to 10 tons of coke or 9 
tons of anthracite when burned in a Dunning boiler. 

The Minneapolis tests showed that about 10 tons of Illinois coal 
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was equal to 7'/2 tons of coke or anthracite when burned in the 
small Capitol Winchester boiler, and equal to 8'/; tons of coke or 
anthracite when burned in the larger Capitol boiler. 

With the same attention to the fire, coke gives a much more uni- 
form temperature than bituminous coal. In addition, coke is a 
clean fuel and makes neither smoke nor soot, an advantage difficult 
to express in exact figures. It is nearly as good a fuel as the do- 
mestic sizes of anthracite, and if anthracite is unavailable at reason- 
able prices a by-product coke makes a good substitute. (Technical 
Pape r no. 816 of the U. S. Bureau of Mines, May, 1923, 21 pp., 8 
figs., p 


EXPLOSIVE TENDENCIES OF PULVERIZED Coat, Hartland Sey- 
mour. The author calls attention to the hazards which arise in 
connection with the utilization of pulverized coal, stating at the 
same time that little danger is involved provided reasonable care 
is taken to comply with well-established precautions. 

Powdered coal in bulk is not especially explosive, but when raised 
in a cloud it is as dangerous as a nozzle discharging gas into the 
open air. One form of coal dust which is exceedingly dangerous 
and to which perhaps too little attention is paid is that coming 
from small heating furnaces in which pulverized coal is used as a 
fuel. These furnaces are comparatively small and 
cipally to heat bars and rods for forgings. 


are used prin- 


The pulverized coal is shot under pressure, and some of it is apt 
to get out into the surrounding atmosphere as flowing dust and 
finally settle all around the place. 

A rather peculiar accident happened some time ago from dust 
of this kind in one of the Pittsburgh steel mills. At one point in 
the building an electric switch was so situated that dust could 
settle between the poles. One Sunday, when the mill was shut 
down, sufficient dust accumulated to form a short-circuit, and as 
a result a whole panel of the switchboard in the power house was 
burned out. Many accidents have occurred practically all of 
which were due to the dusty and unclean condition of the buildings 
Some risks, however, are more or less connected with the apparatus 
used in pulverizing the coal and delivering it to the point of con- 
sumption; and though it is true that reduction of the fire and ex- 
plosion risks rests largely with those operating such plants, yet 
much can be done through proper inspection by well-informed 
authorities having proper jurisdiction. In order to get an adequate 
understanding of these risks and their remedies a working knowl- 
edge of the methods and machinery used in pulverized-fuel plants 
is necessary. A brief description of these methods and equipment 
therefore may be of value. 

From these the author proceeds to discuss the chances of ex- 
plosion in a driers elevating and conveying plant. storage bins, etc 
The article is based practically exclusively on American data taken 
from the Bureau of Mines and the American Railway Association. 
(The Chemical Age, vol. 9, no. 215, July 28, 1923, pp. 82-84, d) 


FURNACES 
Air Circulation in Dry Kilns 


Arr CrrcuLaTion IN Dry Kins. Circulation of the air in a 
dry kiln is a very important factor in the artificial seasoning of 
wood. Without a controlled movement of the air it is impossible 
to maintain the proper temperature and humidity uniform through- 
out a kiln. Evaporation of moisture from the wood cools and hu- 
midifies the atmosphere next to the wood. In order that drying 
may progress it is continually necessary to replace this cooled, 
moistened air with a fresh supply of warmer, drier air. This can 
be accomplished only by a good circulation which will remove the 
moist, cool air from the kiln or will return it to the lumber after it 
has been warmed and dried. 

In any kiln a certain amount of circulation is natural. The 
heating coils are continually heating the air, and the evaporation 
of moisture from the wood and heat losses through the building 
walls are continually cooling the air. The heated air rises. Some 
of it escapes through cracks at the top of the kiln, and the rest of 
it enters the lumber where it is cooled as it picks up moisture. 
The cooled air drops and is recirculated over the heating coils 
until it is warm enough to rise again. 

If flues or vents for the escape of hot air from the kiln and intakes 











OcroseEr, 1923 MECHANICAL 
for the entrance of cold air are provided, the natural circulation 
can be considerably increased. The kiln, being warmer than the 
surrounding atmosphere, will act as a chimney, and the draft 
that is created will speed up the movement of the air inside the kiln. 
Circulation may be further increased by the use of inspirators, 
aspirators, or steam-spray lines. A steam jet in the intake duct 
is a good inspirator. Aspirators may be in the form of a coil of 
steam pipe in the uptake flue. Steam-spray lines running the full 
length of the kiln may be installed in the passages through which 
the air returns from the lumber to the heating coils if the design 
of the kiln permits. act recirculators 
and humidifiers. Their successful operation depends upon the 
removal of certain quantities of air from the kiln continuously, 
either through flues or through accidental leakage. If the air is 
not allowed to escape at all it will soon become saturated, and no 


These steam-jet lines as 
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Fic. 1 Types of 
) osite drawing illustrates the various features found in most ventilated 
kilns The steam jet in the inlet duct increases the amount of outside air drawn 
nto the system The steam-spray lines increase the circulation of the air inside 
kiln These spray lines in connection with the inlet ducts and the out 
1es serve to regulate the humidity. The baffles prevent the heated air from 


sing next to the walls 


irther drying will take place. The steam-spray lines can be re- 

iced by condensers which will serve to cool the air and at the same 

remove some of the moisture from it. The cooled air will 

en naturally fall and pass to the heating coils as fast as the hot 

rises from the coils. This natural system of recirculation does 

t depend upon changing the air in the kiln to remove the moisture 

iporated from the wood. Water sprays of the proper tempera- 

ire may be substituted for the condensers. Water sprays permit 

better control of the humidity and may be directed to produce 
higher circulation. 

The modern blower kiln produces circulation by mechanical 

ins, usually by a centrifugal blower of the ordinary type, but 
mmetimes by disk fans. The blower draws the air from the kiln 
rough suitable return ducts and then discharges it again into the 
iin through inlet ducts. The air is passed over heating coils on 

e way and its humidity is increased, if necessary, by means of a 

‘am jet. Leakage is usually sufficient to keep the humidity as 

w as desired, but intakes may be provided for drawing a certain 

nount of fresh air into the system. This fresh air is comparatively 

and mixing it with the kiln air displaces some of the moist 

r and reduces the humidity of the whole. 

The internal-fan kiln makes use of one or more rows of disk fans 
within the kiln itself, and thus obviates the necessity of drawing 
the air from the kiln and blowing it back again. This arrangement 

is the advantage that the direction of the air circulation may be 
reversed simply by reversing the direction of rotation of the fans. 
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This reversal of the circulation increases the uniformity of drying 
in the kiln 

It is difficult to specify 
different kinds of drying. 
been air dried only a 
For green 


the amount of circulation proper for 
For material which has previously 
small amount of circulation is necessary. 
however, or for any drying in which high 
humidities must be used, a rather rapid circulation is required. 
There is a limit beyond which the rate of circulation cannot be 


material, 


increased and maintained uniform throughout the kiln. A cir- 
culation rate of at least 25 ft. per min. through the lumber 
is recommended by the U. 8. Forest Products Laboratory 


for difficult drying. In certain unusual cases, as in the drying of 
Douglas fir common lumber, circulation rates as high as 75 ft. per 
min. are found desirable. (Technical Note No. 199 of Forest Products 


Laboratory, U. 8. Forest Service, Madison, Wis., Aug. 15, 1923, g) 
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VENTILATED KILNS FOR SEASONING OF Woop 


The cross-section illustrates the ordinary wer kiln in which an external centrif 
ugal blower produc circulation \ fresh-air intake on the suction side 
of the blower can be opened if leakage of air through the walls is not sufficient 
to keep the humidity | w the desired point team jets can be used to raise 
the humidity if the air gets too dry. 


INTERNAL-COMBUSTION ENGINEERING 


HiGu-PRESSURE OIL WITH ArRLEssS Fue. INJEcTION, 
J. K. E. Hesselman. The Hesselman Diesel engine was briefly 
described in MECHANICAL ENGINEERING, vol. 44, no. 8, August. 
1922, p. 531, where the details of the fuel-injection valve were given 


ENGINE 


The present article, however, describes the same engine in considr- 
ably greater detail. Among other matters the process of fuel atom- 
ization and its mixing with the air together with its subsequent 
combustion discussed at length. (Zeitschrift des 


De utscher Inge nieure, vol. 67, no. 27, July 7, 
figs., d 


are Ver nes 


1923, pp. 658-662, 16 


A Diesel Engine of Novel Design 


THe Knupsen Diese. Enoine. An outstanding departure 
from orthodox design is the adoption in this engine of an inverted 
V-arrangement of the cylinders and pistons (Fig. 2). Each of 
the four pairs of V-cylinders has a common combustion chamber 
with a single injection valve and starting valve. The connecting 
rods drive parallel crankshafts, one on each side of the engine. 
At the after end two crankshafts are geared down to a single tail- 
shaft, the speed reduction being in the ratio of 3.8 to 1. 

The engine operates on the two-cycle principle, has a scavenging 
arrangement comprising exhaust ports in one cylinder and scavenge 
ports in the other, so that the scavenge air sweeps right through 
each pair of dual cylinders. 
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The weight of the 100-b.hp. engine recently completed is about 
65 lb. per shaft horsepower. The cylinders are of 6'/2 in. in diameter 
and have a stroke of 9 in., the crankshafts running at about 400 
r.p.m. 

The use of a combustion chamber in dual cylinders is not new, 
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SECTION THROUGH KNUDSEN DigEsEL ENGINE 


but the Knudsen engine is said to be the first to combine this feature 
with an inverted V-arrangement of cylinders and pistons. The 
engine is of American manufacture. (Motorship, vol. 8, no. 8, 
Aug., 1923, p. 555, 1 fig., d) 


Tue StromBpout Aero Enerne. Peter Hooker, Ltd., of Waltham- 
stow, England, have taken over the British rights for the engine 
developed by the Italian engineer Stromboli. The engine has 
been redesigned and developed until it is said today to be virtually 
a British production. The engine is said to have six cylinders and 
a total output of 1500 hp. This means 250 hp. per cylinder, which 
represents a very great advance in aeronautical engineering, as 
hitherto the greatest output per cylinder—that from the Napier 
“Cub” engine—has not exceeded some 62 hp. An order has been 


placed with the manufacturers by the British Air Ministry. (The 
Engineer, vol. 136, no. 3525, July 20, 1923, p. 59, g) 
MEASURING INSTRUMENTS 

Oris Kine CYLINDRICAL SLIDE-RULE Ca.LcuLatTor. Description 


of a calculator of British make. When closed it presents the ap- 
pearance of a nickel case 1'/, in. in diameter and 6'/, in. in overall 
length. Extended telescope-wise it pulls out to a length of about 
10'/2 in. In this condition two spiral scales separated by a sleeve 
are revealed. 

These two scales may be regarded as equivalent to the A and B 
scales of an ordinary slide rule, the sleeve representing the cursor 
and the two indicator marks engraved on it the cursor hairline. 
The upper scale is twice as long as the lower, but instead of being 
marked consecutively from 1 to 100, it consists of two identical 
portions, each covering the range from unity to 10. The lower 
spiral scale (strictly speaking, that portion of the A scale of an or- 
dinary slide rule which extends from unity to the point marked 10) 
has a total unwound length of about 60 in. and the upper of about 
120 in. 

The method of operating the calculator and some indication of 
its accuracy will be gathered by describing a test multiplication 
made with it. The example chosen was 1.0255 X 1.157, the correct 
answer to which is 1.1865035. On the ordinary 10-in. slide rule— 
using the C and D scales—we can set the sum up as 1.025 X 1.155, 
the fourth significant figure in each case being estimated. The 
answer as read is 1.185, the fourth figure again being estimated. 
On the Otis King calculator the lower indicator mark on the sleeve 
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is set against 1.0255, the fifth significant figure being estimated. 
The upper tube is then adjusted until the unity mark—either of 
the first or second half of its scale—registers with the upper indicator 
mark on the sleeve. This operation is, of course, exactly equivalent 
to setting the unity mark of the C scale of an ordinary slide rule 
against 1.0255 on the D Without moving the relative 
positions of the two spiral scales the sleeve is now adjusted until 
its upper indicator mark registers with 1.157 on the upper scale 
In this case the fourth significant figure is set up by estimating 
the mid point between the graduations 1.156 and 1.158. Below 
the lower indicator mark on the sleeve we read on the lower scale 
the answer 1.186+. The fourth significant figure is definitely 
seen to be 6, but the fifth is too uncertain to be estimated. It 
may be added that five-figure logarithms give the answer as 1.1864, 
and that six-figure logarithms are required to place the correct 
value of 5 on the fifth significant figure. 

It is important to test the device on the higher portions of the 
scale as well as upon the lower, and it was therefore tried on the 
multiplication of 5.485 by 7.375. The ordinary slide rule—C and 
D scales—indicates the answer as indistinguishable from 40 dead 
The Otis King calculator gives it at 40.1 bare. 
is 40.083. 

It seems, therefore, safe to say that this calculator makes it 
possible in all cases to obtain an answer accurate to one more 
significant figure than is possible with a 10-in. slide rule. Indeed, 
its accuracy is very nearly as good as that given by the employment 
of five-figure logarithms. (The Practical Engineer, vol. 68, no. 
1898, July 12, 1923, p. 25, 1 fig., d) 
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The correct answer 


Economical Velocity of Superheated-Steam Flow in Piping 
Systems Supplying Turbines 


THe INFLUENCE OF VALVES AND STEAM TRAPS ON THE Evo- 
NOMIC STEAM VELOCITY FOR SUPERHEATED-STEAM TURBINES, Pro! 
OQ. Denecke. The present article is based on a previous publica- 
tion by the same author in the German journal Die Wdarme, no. 8, 
1922, under the title The Most Economical Pipe Diameter for 
Superheated-Steam Plants. It discusses the upper limits of 
economic steam velocity and in particular the influences which 
affect the pipe diameter in a superheated-steam plant. 

The author’s opinions are all based on formulas developed in 
the article above referred to for the “least’”’ diameter of the steam 
pipe dp, which is the diameter insuring the smallest steam con- 
sumption, and his formula for the most economical diameter d,, 
at which the yearly costs for steam consumption and capital charges 
are the smallest. 

By applying the author’s formula to the usual field of super- 
heated-steam turbines it becomes possible to determine the limits 
of the most desirable steam velocity vp corresponding to the steam- 
flow diameter dp and also to determine the velocity v, correspond- 
ing to the pipe diameter d,. The author considers in particular 
the region determined by the following values: 

Steam pressure ps = 16 atmos. and 10 atmos. 

Steam temperature f4 = 350 deg. cent. 

Output N = 8500 kw. with a steam consumptioa G 15,000 
kg. per hr. and 750 kw. with a steam consumption G 
5000 kg. per hr. 

The author states that his formula and examples show that: 

1 The velocities for the smallest steam-flow diameter vp are lowe 
than the velocities v,, which latter take into consideration the 
vapital charges in addition to the steam consumption. But even 
these latter velocities are much lower than the values often quoted 
in technical literature such as 80 to 100 m. per sec. (262.4 to 328 ft 
per sec.). As a matter of fact, even in the most favorable cases, 
which occur quite seldom, v, = 48 m. per sec. (157.5 ft. per sec 

2 The economical velocity of steam », is the higher 

a The higher the steam temperature ft. 
b The lower the boiler pressure, and 
ce The smaller the turbine. 

3 For a turbine of a given output N, a given steam pressure 
Pe, and a given steam temperature t., the economical velocity of 
steam is the higher the smaller the sum of individual resistances, 
2f, corresponding to 1 m. (3.28 ft.) of the total length of piping 
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(1). Since in well-arranged piping the individual resistances con- The author then proceeds to consider the question of costs under 
sist mainly of valves and steam traps, it would appear that the conditions prevailing in Germany during the first quart 1920 
velocity of steam and the pipe diameter are determined practically These values appear in Figs. 3 and 4 and they indicate the great 
exclusively by the number of resistances ind the cost of the steam influence which resistance in the valves has on the economic di 
shutting-off devices. mensions of piping or the velocity of steam flow If we consider 
In order to make clear the remarkable influence of these devices, as a standard the most orable case, namely Case 1, with two 
four cases have been investigated dealing with two sizes of turbines — Koswa valves of low resistance to flow and no steam trap, it would 
having outputs A‘ 8500 kw. and V 750 kw., and two initial appear that Case 3, in which ordinary valves are used, would requir 
| steam pressures Da 16 atmos. and 10 atmos with the same steam in mcrease the diameters ln and d, columns 7 and 9 of J ible I 
temperature 350 deg cent. It is also assumed that the total lenet! py 23 per ¢ t corre ponding to a reductior in the velocity of 
of the piping is the same, namely, 50 m 164 ft team trom 100 per cent to 64 per cent columns 8 and 10 If, 
ywever, steam traps are provided which have a high resistance 
Lse> to flow (¢ 7), the difference becomes much smaller, a comparison 
of Cases 2 and 4 showing only an increase of diameter from 115 
| per cent to 132 per cent (columns 7 and 9 
In general, it would appear that 
| 
| 
A 506 
489 
» | 
g | 
¢ 
ws 
= 
8 
; wi. 
£ tel - 7 7 23 bel U 50M Ll-o ¥ 7 16 23 be: l-$0™m 
Esso 008 022 032 O+6 fun bebebrzes ae 008 Q22 032 O46 far 
Fie. 3 I—VeLocITY tp FOR THE SMALLEST STEAM CONSUMPTION AS Fic. 4 I—Vetwociry vt aS Resutt or Use or tHe Most Economica 
>t Pire DIAMETER d, AS A FUNCTION OF PRESSURE pg AND INDIVIDCAL 
) FUNCTION OF PRESSURE p, AND INDIVIDUAL RESISTANCES ] AT THE De 
7 . LESISTANCES AT TEMPERATURE (, = 350 DEG. CENT. 
Temperature (, = 350 Dea. Centr Rasta l ; _— a 
Il—IncreAse oF THE Most FavoraB_e Pipe DIAMETER dp AS A II—INcREASE IN THE Most Economicat Pipe DIAMETER 4, PRo- 
Resutt oF INCREASE IN INDIVIDUAL RESISTANCES REPRESENTED BY DUCED BY INCREASE IN INDIVIDUAL REsISTANCES REPRESENTED BY 
dp >t d, at 
I THE Ratio ds i FUNCTIONAL DEPENDENCE Upon ey rHE Ratio ~~ IN FuNcTIONAL DEPENDENCE UPON 
R GR 
4i kicine Turbine = atmospheres, small turbine; af grosse Turbine = atmospheres, large turbine; Koswa-Ventile Koswa valve; norm. Ventile = ordinary valve; 
Mi ohne Wasserabsch. = without steam trap; mif Wasserabsch with steam trap; bei = at; fir beliebiges 1 = for any / 
d 
Case 1. The sum of the individual resistance 2f = 4. This 1 A reduction of the individual resistances in piping effected by 
3, irrangement contains two modern valves with low resistance to replacing ordinary valves by Koswa valves is the more advan- 
flow (¢ = 1) and there are a few bends in the piping. As an tageous the lower are the other individual resistances in the installa- 
example of a modern valve the author mentions the Koswa, which — tion; and that ; 
is built by several concerns in Germany. 2 Steam traps with their present construction and high resis- 
Case 2. S¢ = 11. Here there ate two Koswa valves (¢{ = 1), tances to flow are particularly unfavorable. 

a few bends, and in addition a large steam trap ({ = 7). It is worth noticing that the economical velocities of steam are 
re Case 3. ¢ = 16. This arrangement comprises two ordinary comparatively low, in any event lower than those usually assumed. 
of valves offering a large resistance to flow ({ = 7) and afew bends. At high pressures (ps S 16 atmos.) and with large turbines the 
8, : Case 4. Sf = 23. In this case there are two ordinary valves most economical steam velocities are v, S$ 32.8 to 35 m. per sec. 
ig , = 7), a few bends, and a large steam trap (f = 7). (107.62 to 114.82 ft. per sec.), and for the case of ordinary valves 











596 


TABLE 1 


MECHANICAL ENGINEERING 


Vou. 45, No. 10 


DIAMETER OF PIPING IN SUPERHEATED-STEAM PLANTS AND ECONOMICAL VELOCITY OF STEAM AS AFFECTED BY STEAM 
VALVES AND STEAM TRAPS 
1 2 3 4 5 6 7 ' 9 10 7a 8a 9a 10a 
-——Large Turbine, Steam Consumption———. ———Small Turbine, Steam Consumption— 
Resis- G = 45,000 kg. per hr. G = 5000 kg. per hr. 
tance 
Valves - factor Most Most : Most Most 
Resis- of Other zt economical economical economical economical 
Number tance steam resis- Columns diameter velocity diameter velocity 
Case and kind factor trap _ tances 3, 4, 5 dp "bp a, % dp "p ad ", 
Initial Pressure fg = 16 atmos. abs. per m. per sec. = per m, per sec, = per m. per sec. = per m. per sec. = 
cent per cent cent per cent cent per cent cent per cent 
l 2 Koswa 2X1 - 2 (=r = 4 100 28.7 = 100 100 32.9 =100 100 32.5 = 100 100 35 = 100 
valves {=o 0.08 
(7 
2 2 Koswa 2X1 7 2 (=r = 4 115 21.65= 75.5 115.2 4.7 75 107.5 28.1 = 86.5 108 30.5 87.3 
valves = = 0.22 
l 
113 27.6 = 29 
3 2 Ordinary 2X7 - 2 (=o = 16 123 13.0 = 66.4 24.1 21.35 64.6 112.5 25.8 = 79.5 
valves )3 -_ 0.32 
4 2 Ordinary 2X7 7 2 (=o = 23 
valves i= = 046 131.6 16.6 = 57.8 133 18.65= 56.6 118 23.4 = 72 118 25 = 71.5 
i ‘ 
Initial Pressure Pg = 10 atmos. abs. 100 i8 = 100 
l 2 Koswa Sx 3 - 2 (r= 4 100 39.5 = 100 100 45 = 100 100 44.7 = 100 
nate a ivr 
ee i> = 0.08 
108 41.5 86 
2 2 Koswa ce eo 7 2 (=o = 11 116 29.8 = 75.5 116 33.4 = 74.3 108 38.5 = 86 
valves i= = 0.22 
112.8 38.4 = 79 
3 2 Ordinary 2X7 - 2 \=o = 16 124 25.7 = 65.1 125 8.8 = 64 113 35.5 = 79.5 
valves ed = 0.32 
4 2 Ordinary 2X7 7 2 (z=¢ = 23 132 22.5 2.5 133 25.3 = 56.2 119 32.1 = 71.7 118 34.6 = 71.¢ 
alvee <4, 
vaives iF = 0 16 
with steam traps these reduce to », S$ 18.65 to 25 m. per sec. + The construction of the combustion chamber of the River 


(61.16 to 82 ft. per sec.). Only the higher values are to be used 
for small turbines. The lower the initial steam pressure pa the 
higher are the steam velocities, but even at pa 10 atmos., and 
in the most favorable case (Case 1), these velocities reach only 
the value v, = 45 to 48.3 m. per sec. (147.63 to 158.45 ft. per sec.) 
or far below the values of 80 to 100 m. per sec. (262.4 to 328 ft. 
per sec.) recommended in technical literature. (Der praktische 
Maschinen-Konstrukteur, vol. 56, no. 15, Apr. 26, 1923, 3 pp., 2 
figs., t) 


Grjimailo’s Hydraulic Theory of Boiler-Furnace Design 


MobeERN BorLer FURNACES FROM THE PorNnt OF VIEW OF THEORY 
or FurRNACES BASED ON THE Laws or Hypravtics, W. E. Groume 
Grjimailo. Criticism of the design of the pulverized-coal-burning 
furnaces of the River Rouge plant of the Ford Motor Co. as de- 
scribed in a paper by H. D. Savage read before the American Iron 
and Steel Institute, May 27, 1921. 

This furnace (Fig. 5) embodies, according to the author, a series 
of cumulative errors from the point of view of furnace theory based 
on the laws of hydraulics. These errors he points out in order to 
give an example of rational criticism of present-day constructions. 

1 The flattened-out burner of the boiler furnace is very interest- 
ing. The atomization of the fuel is carried out by means of steam. 
In order not to lower the temperature of the combustion chamber 
it would be better to employ for this purpose compressed air at 
the same pressure as the steam in the boiler. The secondary air 
might be supplied to the burner preheated. The use of preheated 
air in pulverized-coal furnaces was adopted in Russia in 1918 and 
has given excellent satisfaction. 

2 It is quite rational to direct the atomizing burner downward. 
Since the direction of the flame is inverted, the products of com- 
bustion because of their low specific gravity take an upward course 
in countercurrent to new quantities of the mixture of coal dust and 
air. This mixture ignites easily and the succession of reactions 
of combustion is not disturbed. 

3 It is wrong, however, to locate the burner along the walls 
as this increases the depth of descent of the jet of incandescent 
gas and as a consequence increases the height of the combustion 
chamber. The author believes that in a rationally designed 
combustion chamber the jet of dust may be burned entirely out of 
contact with the walls of the combustion chamber. The quantity 
of ashes coming from pulverized coal and accumulating in the 
combustion chamber will be greater in the case where the flame 
jet does not reach the bottom of the chamber. 


touge power plant is not rational. As the author has shown in 
his book The Flow of Gases in Furnaces (English translation, 
New York, 1923), the combustion chamber must represent a pocket 
of hot gases. The flame elements should stay below the combustion 
chamber for a period of at least 1'/2 sec., and it is only then that 
they may be allowed to pass through the ports in the hearth. The 
combustion chamber at the River Rouge plant is not designed to 
insure complete combustion of the dust, and it is to this fact of 
incorrect design that are due the excess of air used (15 to 30 per 
cent) and the high content of unconsumed carbon in the ashes 
(up to 9.52 per cent). It is obvious that in that furnace the flame 
reaches the interior of the boiler before the reactions of combustion 
have been completed, is cooled through contact with the cold tubes, 
and as a result of this the combustion cannot be completed with 
only a slight excess of air. 

5 The flues of the River Rouge boiler are said by the author to 
be designed in an incorrect manner. By virtue of the theory of 
furnaces built in accordance with the laws of hydraulics, the streams 
which are cooled should be directed downward. It is only in such 
a case that one may expect that the cold boiler tubes would be 
uniformly enveloped by the gases of combustion and that the heat 
convection would be complete. The presence in the brickwork 
of a whole series of baffles tending to change the direction of the 
flames, indicates that the gases of combustion do not have the 
tendency to circulate along the tubes and that they are forced to 
do so merely by the chimney draft. 

After this critical review of the River Rouge furnace, the author 
proceeds to present a design for the reconstruction of this furnac: 
which would bring it in accord with the “hydraulic theory.” This 
design is shown diagrammatically in Fig. 6. 

1 The combustion chamber AA represents a “pocket”’ of hot gases. 
At the peak of the roof of this furnace is located the burner 3 
giving the downward vertical jet. 

2 Since the walls of the combustion chamber might suffer from 
the high temperature consequent on such a construction, passages 
C are provided in these walls and are utilized to preheat the second 
ary air supplied at a low pressure to the burner B. 

3 The dimensions of the combustion chamber AA must b 
suited to the type of burner. The burner must be tested befor: 
the combustion chamber has been built, and the dimensions selected 
for the combustion chamber must be such as will enable it not 
only to contain the flame cone but also to provide space in. whic! 
the products of combustion may rise freely along the walls of th: 
combustion chamber and leave it through the ports D. 








if 
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4 The ports D should be computed in accordance with the 
Yesmann’s formula: 


Areal 2 
h A \ BY 

5 The incandescent gases should rise to the chambers F; and 
F, where the boilers are located. 

Contrary to the usual custom but in conformity with the hy- 
draulic theory, the author would incline the boiler tubes toward 
the flues rather than toward the furnace. It is obvious, of course, 
that with the tubes thus inclined there is no need to provide baffles 
in order to force the incandescent gases to envelop the tubes and 
give up to them their heat. 

6 With the arrangement described above we then have cold verti- 
cal tubes located in an atmosphere of stationary incandescent gases. 
Near the surface of the tubes there is a layer of products of com- 
bustion which will give up its heat to the tubes and will be cooled 
to the temperature of the latter. 

As soon as the layer of gases in contact with the tubes is cooled 
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lown, it obviously cannot remain in equilibrium in an atmosphere 
{ the lighter furnace gases. It begins to descend and a quantity 
of incandescent furnace gases comes to take its place. These 
new gases in their turn are cooled down and, becoming heavier, 
move downward along the tubes. In this manner, quite naturally 
and without the assistance of any baffles whatsoever, there is es- 
tablished in the confines of the boiler the following circulation of 
gases: 

a The furnace gases rise toward the roof of the boiler chambers 
F, and F; through the ports D; 

6 Through coming in contact with the boiler tubes, these gases 
are cooled and then move downward; 
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c By placing the flue ports g, and g2 near the bottom of the com- 
bustion chambers F; and F; and by giving the boilers a slight 
incline toward these ports, it is possible to secure an absolutely 
correct circulation from top to bottom in which the colder gases 
flow toward the flues without the employment of any baffles 
without in any way interfering with their employment, without 
restricting the uniformity of this movement, and without disturbing 
the regularity of heat transmission from the gases to the boiler 
walls. 

One may make use of the formula of vertical gas jets: 


by introducing into it a correction coefficient. This coefficient 








Fic. 6 DrtaGramMatic DesIGN OF THE INSTALLATION SHOWN IN Fia. 5, 
3RINGING Ir IN CONFORMANCE WITH THE AvuTHOR'’s HypRAULICc 
Tueory or FurNAcE DesIGN 


was found to be equal to 0.7 by the engineer Slessareff, who has 
made a special study of this subject at the Polytechnic School 
at Petrograd. With this value one is enabled to establish the form- 
ula for the velocity of circulation of gaseous streams along the boiler 
tubes, namely, 


m— i. . 
V 0.7 ————. gh 
Ve a3 Fi 7 


Assuming that tm = 1100 deg. cent. and & = 300 deg. cent., 


V = 0.64 V/2 gh 


As in this case the length of the boiler tubes is 5.3 m. (17.4 ft.) 
the velocity of descent of the cold gas streams is found to be equal to 
V = 0.64 V2 X 9.81 X 5.3 = 6.5 m. per sec. 

It would appear, therefore, that the velocity of the small streems 
at the top near the walls of the main body of the boiler is close to 
zero. At the bottom toward the cylindrical bottom of the boiler 
this velocity becomes equal to 6.5 m. (21.3 ft.) per sec. 

Knowing the quantity of gases of combustion reaching the boiler 
chamber, it becomes possible to calculate the thickness of the 
layer of gas surrounding each tube. According to the author’s 
calculation it does not exceed 25 mm. (1 in.). 

7 The water circulation in the boilers takes place in the ascending 
direction from the lower cylindrical drum toward the main upper 
boiler, i.e., opposite to the direction of the circulation of the hot 
gases. This creates exceedingly favorable conditions for the con- 
vection of heat. 

8 In conclusion, the author discusses briefly the preheating of 
air. In the design of boiler under consideration the air is taken 
in through openings in the manholes provided for cleaning the 
boiler. It then rises through the vertical passages CC provided 
in the walls of the combustion chamber and finally reaches the 
collector passages JJ. Its pressure in the upper passages become 
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equal to that of the atmosphere so a blower may be dispensed with 
by selecting the proper type of burner. However, it is a more 
certain process to take the air from the passages // by means of a 
blower and thus deliver it to the pulverized-coal burners. The 
author believes the use of hot air would make it possible to burn 
coarse pulverized fuel and use equally well dry coals or those con- 
taining considerable moisture. (Revue de Métallurgie, vol. 20, 


no. 3, March, 1923, pp. 189-192, 2 figs., ¢) 
Central Station Using Steam at 1200 Lb. Pressure 
New Exrra-HicH-PrRessuRE STEAM Sration, I. EF. Moultrop 


and Joseph Pope, Members A.S8.M.E. Description of the Wey- 
mouth Fore River Station of the Edison Electric Company of 
Boston, of interest because it includes a boiler working at a pressure 
of 1200 lb. per 

Steam from this extra-high-pressure boiler will first pass through 
a turbine developing about 200 kw., whence it will be 
at 375 lb. pressure. It will then be reheated to 700 deg. 
sent on the larger turbines. 

Reheating of the steam is essential if the full benefit is to be ob- 
tained; without it the most economical top pressure seems to be 
375 lb. The feedwater is to be heated by two-stage bleeding of 
the main units and by economizers. All the ordinary auxiliaries 
are to be driven by alternating current derived from a 2500-kva., 
2300-volt alternator, direct coupled to the main generator shaft 
of each 30,000-kw. turbo set, which, with the 2500-kva. 
totals some 32,000 kw. 

It is hoped that this combination of 1200-lb. and 375-lb. sets 
will yield a kilowatt-hour for 13,600 B.t.u. 

The 1200-lb.-pressure boiler will, like the lower-pressure 
boilers, have a heating surface, of 19,743 sq. ft. 
own economizer, superheater, 
be fired by underfeed stokers. 

Now for the question of total heat and efficiency possible. In 


sq. in. 


exhausted 
fahr. and 


alternator, 


375 lb 
It will have its 


and resuperheater. All boilers will 


Fig. 7 curve No. 1 shows the total heat above 79 deg. fahr. in 1 lb. 
of steam at a uniform temperature of 700 deg. fahr., 79 deg. being 
the temperature corresponding to 1 absolute pressure. It will 


be noted that the total heat shows a decrease with increasing pres- 
sure. 

Curve No. 2 shows the heat remaining in the steam after perfect 
adiabatic expansion from the stated initial conditions to a pressure 
of 1 in. abs. The vertical distance between this curve and curve 
No. 1 accordingly represents the B.t.u. per lb. 
ically available for doing work. 

Curve No. 3 is a plotting of the available heat as a percentage 
of the total heat shown by curve No. 1 and represents the effi- 
ciency of the Rankine cycle at varying pressures. Its upwardly 
convex curvature indicates how the rate of increase in theoretical 
efficiency diminishes with increasing pressure. 

Curve No. 4 shows the best efficiency at present to be expected 
of turbo-generators in converting the available heat, as 
by curve No. 3, into useful electrical energy. In determining 
this curve the unit is credited with all heat recovered in the con- 
densate by bleeding at two stages. 

Curve No. 5 is the product of curves Nos. 3 and 4 and indicates, 
for the different pressures, the percentage of the total initial heat 
in the steam which would be actually converted into electrical 
energy or returned to the boiler in the condensate. It will be noted 
that this curve takes the shape of a dome with its highest point 
corresponding to a steam pressure of about 600 Ib. abs. 

If steam turbines could be constructed which would be equally 
efficient in transforming the available heat energy into useful work 
under all conditions of initial steam pressure, curve No. 3 would 
indicate that the overall thermal efficiency would increase with 
the pressure throughout the entire range considered. The most 
important factors which act to decrease the turbine efficiency at 
higher steam pressure are the increased gland and interstage leakage 
losses and, more particularly, the increased steam friction occa- 
sioned by the entrained water after the dewpoint has been reached. 
This lowered efficiency is particularly marked where the maximum 
permissible total temperature causes the higher pressures to be 
accompanied by diminished superheat, thus advancing the dew- 
point to an earlier stage. The recognized method of meeting this 


of steam theoret- 


shown 
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difficulty, 
steam pressures to be realized, is to interrupt the expansion of the 
steam at some intermediate pressure and restore 
by reheating before the is continued 


and thus permitting the superior possibilities of higher 


its temperature 
This nay be 
turbines, 


expansion 
accomplished either by employing two independent one 
exhausting to the other through the reheater, or by returning the 
reheated steam to the lower stages of the same machine from which 


it was extracted. The design of the Weymouth station makes 
provision for employing the former of these two methods, using 
& maximum pressure of 1200 lb. 

The high-pressure boilers will have tubes 2 in. in ouside diam- 


The 


bet ween for the 


arranged in ttwo banks 
and 


} 
in outside 


and 15 ft. long. tubes will be 
sutficient 
The drum will be a hollow steel forging 


with walls 4 in. thick. 


eter 
with 


space superheater reheater. 


1S in 


In order to maintain suit 


diameter 
able drum strength 
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the tubes and nipples, which commonly enter the drum line 

parallel with its axis, are turned in pairs tarough an angle of 90 
deg., so that the two enter the drum on a common circumferences 

Make-up water is to be provided by evapcrators, 
supply will be deaerated. 

An article in the Electrical Times (vol. 63, no. 
1923, pp. 679), in commenting this 
follows: 

“So here we see that the steam generated at 1200 lb. and usé 
at 1000 lb. only means an extra 2'/2 per cent in efficiency, whi 
is not exactly a sumptuous gain, and must be considered in its 
commercial relation to the extra cost of plant. But we must |! 
no means thrust it aside and leave it at that; there are too man) 
hard-headed experimenters and business firms at work on it to 
allow us for one moment to regard this as a chimera. Dr. Ferrant! 
believes that we are in view of an overall thermal efficiency of 30 
per cent. And in saying this he has in mind only steam boilers 
and turbines; he would no doubt allow that other combinations 
are conceivable.” (Paper presented at the 1922 Spring Meeting 
of The American Institute of Electrical Engineers, abstracted 
through The Electrical Times, vol. 63, no. 1654, June 28, 1923, 
pp. 677-679, 3 figs., d) 
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A Combined Cylindrical and Water-Tube Boiler 


THe Hupson Borer. 
bination of the cylindrical and water-tube. 
tinct types 


It is made in two dis- 
For large evaporators the cylindrical element consists 


Description of a boiler which is a com- 


of a short two-flued boiler of the Lancashire type, while for smaller 


requirements it is of the single-flued or Cornish type. 


In either 


case the cylindrical element is flanked on each side with the nest of 


water tubes set low down in the front and rising toward the back end 
of the boiler. The bottom header of each nest of tubes is connected 
by a mild-steel pipe of large capacity to the drum at the fore end 
of the cylindrical elements 
distinct types of boilers in one unit results in a very powerful 
steam generator, which, while retaining the simplicity of the cylin- 
drical boiler, gives a 

The f the gases through the boiler is by means of the 
internal furnace flue until they reach the back end of the cylindrical 
element. From this point they pass through a port into side flues 
ind sweep along and over the water tubes and also along the side 
of the eylindrical element, after which they pass into the 
flue under the boiler 


very much higher efficiency. 


passage 


man 
The position of the tubes is therefore such 
hat they are not exposed to intense local heat as the 
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e into contact with them until after they have passed through 
le ngth of the internal flues of the cylindrical element Fig S). 
circulation of the water in the boiler is obtained by feeding 
water through the front end The cold water flows to the bot- 
of the cylindrical element and then passes through the con- 
tions into the bottom drums of the water-tube elements, passing 
the tubes where it is met by the gases flowing in the opposite 


LI 2 


EVAPORATIVE TEST ON TWO HUDSON PATENT CYLIN 
AL AND WATER-TUBE BOILERS AT THE WORKS OF THE ROSI 
PATENT FUEL COMPANY, LTD., SWANSEA 
Heating surface of each boiler, sq. ft 2470 
‘ area of each boiler, sq. ft $5.5 
k of heating surface to grate area 54 to l 
Duration of test, hr 5 
I r pressure (gage Ib. per sq. in 155 
I r pressure (absolute), lb. per sq. in 170.0 
q erature of feedwater to boiler, deg. fahr 14 
I perature of steam leaving superheater, deg. fahr SOO) 
l weight of feedwater during test, Ib 95.550 
I x of equivalent evaporation (boiler only 1. 224 
f © of equivalent evaporation (including superheater 1 347 
Ww t of feedwater per boiler per hour, Ib 9555 
I alent evaporation from and at 212 deg. fahr., lb 12,870 
I used during test Rose patent fuel briquets 
H ting value of fuel per Ib., B.t.u 13,568 
ro weight of fuel burned, long tons 5.1 
Ww ht of fuel burned per boiler per hour, Ib 1154 
Water evaporated per Ib. of fuel burned, Ib 8.28 
Equivalent evaporation per Ib. of fuel from and at 212 deg. fahr., Ib 11.15 
lemperature of escaping gases taken at chimney, deg. faht 473 
Draft in inches of water, 0.92 
Percentage of ash and clinker to total weight of fuel used during test 8.84 
Boiler efficiency, per cent nd ies 80 


direction, the steam formed making its way up the inclined tubes 
to the back header and then into the steam space of the cylindrical 
element. Because of this there is a definite circulation of water 
in the cylindrical element of the boiler, which insures uniformity 
ol temperature’ 


The results given in Table 2 of an evaporative test would indi- 


This simple means of combining two 
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cate that with this type of boiler the economizer can be dispensed 
with. (The Iron and Coal Trades Review. 107. no 
July 13, 1923, p. 40, 1 fig., d) 


vol 255%), 


STEAM ACCUMULA 


rors, M. Emanaud 
on the subject, together with descriptions of the Halpin 


mnsideration 
Morison 
Rateau, and Ruths ac umulators, and a bibliography on the sub- 


The , 


General ce 


ject. various types are illustrated. The Ruths accumulator 
was described in MECHANICAL ENGINEERING, vol. 44, no. 5, May, 
1922, pp. 323-324. The other accumulators are well known 

The following comparison of types may be of interest. The 


apparatus of the gas holder type can be charged most rapidly, a 
there is! 


iO necessity in this apparatus lor Mixing to obtain a uniform 
temperature. That is because an absence of uniform temperature 
in this apparatus will have no effect on its ability to absorb steam 
which is the case with all apparatus in which the steam is cor 
densed in the water. This sort of apparatus also maintains a 
steadier pressure and hence has less influence on the machinery 


supplied by it with steam 
Oy the other hand, these more bulky than 


uncondensed steam has a much gre 


bell accumulators are 


the wate! type bec LUSé the iter 
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volume in comparison to the steam when condensed in water. The 
advantage obtained here, however, is not so much as one might 
at first water-reservoir type of accumulator 
necessitates the storage of a large volume of water which is to be 


transformed into steam during the accumulator’s discharge. 


believe, he ause the 


Supervision is much easier and heat insulation is much less ex- 
pensive in the water-reservoir type of apparatus than in the gas- 
holder type, because in the first type there are no moving parts 
The latter type of accumulator, when well designed to insure a 
uniform temperature and to avoid violent ebullition, is a machine 
of definite functioning qualities which permits remote control 
and needs a minimum operating force. 

The degree of saturation of the steam supplied by accumulators 
depends not only on more or less regular ebullition and release 
of steam in the apparatus, but also on the fall in pressure obtained 
in the reducing valve at the outlet. (Chemical and Metallurgical 
Engineering, vol. 29, no. 4, July 23, 1923, pp. 149-152, 10 figs., d 


RAILROAD ENGINEERING 
Transverse Fissures in Steel Rails 


A Srupy or TRANSVERSE FissuREsS IN STEEL 
Howard. 


{AILs, James E 
The article here abstracted is itself an abstract from a 
report made to the Interstate Commerce Commission by the author 
who is engineer-physicist of that body. 

A transverse fissure as a specific type of fracture was first recog- 
nized in a report to the Interstate Commerce Commission dealing 
with an accident which occurred in 1911. The term applies to a 
type of fracture which has its origin in the interior of the head of 
a rail and which progressively enlarges from a definite nucleus. 
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The plane of rupture is here crosswise the length of the rail and 
substantially perpendicular to its axis. Transverse fissures have 
an interior origin, because the metal immediately below the running 
surface of the head is in a state of compression due to the cold- 
rolling effects of the wheels. 

The number of transverse fissures considered in this report 
exceeds 8000, this being only a partial list of the total number of 
fissures which are a matter of record. They occurred in rails coming 
from every rail mill in the country, and in numbers predominated 
on trunk lines of high speed, heavy equipment, and congested traffic. 
It appears that transverse fissures in larger numbers on the gage 
side of the head of the rail than over the web or in the outer half 
of the head. 

Transverse fissures being of progressive formation, their final 
stage of development may occur at any time. The length of time 
required for incipient fissures to make their presence known depends 
upon the amount and character of traffic carried by the rails. It 
does not appear that the appearance or absence of transverse 
fissures depends on the part of the ingot that the rail comes from. 

A somewhat different feature is presented in the consideration 
of the ages of rails with respect to their ingot positions over that 
of their numerical relations. Rails which fractured in largest 
numbers during the first few years in the track came from those 
parts of the ingot which are generally conceded to be the best. 
Rails from segregated parts were fewer in number. These results 
cast a doubt upon the validity of connecting the formation of 
transverse fissures with the segregated parts of the ingot. 

The average ages of transverse fissures on different railroads 
in the main reflect traffic conditions. Weights of equipment, 
gross tonnage, and speeds are the prominent features which char- 
acterize the conditions on those roads where maximum numbers 
and minimum ages of fissured rails appear. 

While there is no known reason why bessemer and open-hearth 
rails should not behave substantially alike in respect to the formation 
of this kind of fracture, their comparative absence in bessemer 
rails has been noted. 

Transverse fissures have also been produced experimentally 
by subjecting rails to treatment analogous to the cold-rolling action 
of wheels. This result was accomplished by repeated alternate 
overstraining of the rail longitudinally. Half-length rails were 
used, applying gagging blows at short intervals along the length 
of the head, then reversing the bend and gagging the base in the 
same manner. This alteration of reversed bending was continued 
until ultimate rupture ensued. 

The position of the interior fissure was found controllable at 
will. Gagging the rail in upright position yielded a transverse 
fissure centrally over the web; inclining the rail to the right or to 
the left and applying the gagging blows in an oblique direction 
yielded transverse fissures located in the right or left side of the 
head, whichever way the rail was canted. 

Broadly considered, three features constitute the rail problem: 
(1) Girder strength; (2) abrasive resistance to the action of wheels; 
(3) cold-rolling effect of wheels on the head of the rail. If the third 
feature was eliminated there would be no rail problem, since the 
requirements of the first and second can be met without difficulty. 

The most obvious deduction to be made from this compilation 
of data on the display of transverse fissures is the apparent close 
approach to the limit of endurance experienced by rails under the 
conditions of service which now prevail on the trunk lines of the 
country. The prevalence of transverse fissures reached a degree 
of magnitude some time ago, when serious and concerted action 
should have been taken to study the influences which affect the 
state of the metal of the rail in the upper part of the head, upon 
which rests the responsibility for the formation of transverse 
fissures. The ideal manner of advancing this subject would be 
through the codperation of the trunk-line railroads and the steel 
mills. (Railway Age, vol. 75, no. 5, Aug. 4, 1923, pp. 210-212, g) 


SPECIAL PROCESSES 


Drying Equipment in an Artificial-Leather Plant 


CHEMICAL ENGINEERING IN THE PRODUCTION OF CoaTEeD Fas- 
rics, Sidney D. Kirkpatrick. Description of the manufacture of 
artificial leather and rubberized cloth at the plant of the Duratex 


ENGINEERING Vor. 45, No. 10 
Corporation, Newark, N. J. Of particular interest is the way in 
which the problem of air drying has been solved. 

This drying equipment is an especially interesting application of 
air drying under rather unusual conditions. It is necessary to pro- 
vide facilities for drying the base coating as rapidly as possible, and, 
at the same time, to remove the solvent vapors effectively, in order 
to keep explosion and fire hazards at a minimum. The system was 
designed and installed by the Carrier Engineering Corporation and 
makes use of the ejector principle for efficient circulation of the air. 
As may be seen from the plan and elevation shown in Fig. 9, it is 
designed according to well-known countercurrent principles. The 
air is delivered from the ejector nozzles at a velocity of approxi- 
mately 1000 ft. per min., and passes over the driest cloth as it is on its 
way out of the drying chamber. In counter-direction the air then 
passes around the entire path covered by the cloth and is finally 















































exhausted at an outlet directly beneath the coating head of the 
machine. The air current divides at the base of the fan and a part 
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Fic. 9 PLAN AND ELEVATION FoR Drytna EQvuIPMENT FOR PYROXYLIN 


CoaTING MACHINES 


of the heated air is drawn into the fan to be recirculated directly by 
the ejector nozzles. 

The apparatus handles about 2500 cu. ft. of air per min. for each of 
the coating machines. The temperature is maintained at approxi- 
mately 175 deg. fahr. depending upon the amount of air handled 
and how vigorously it is circulated. The drying chambers over the 
machines are connected with an exhaust system which removes a 
sufficient quantity of the fume-laden air, to prevent an explosiv: 
concentration. At the present time no provision 12 made for sol 
vent recovery, although the drying and ventilating system is s 
designed that an installation might be made with a minimum o 
expense and inconvenience. (Chemical and Metallurgical Enginee 
ing, vol. 28, no, 23, June 11, 1923, pp. 1017-1023, 17 figs., d) 


THe Fauser Synruetic Ammonia Process. In this proces 
ammonia is synthetized and then oxidized to nitric acid to produ: 
ammonium nitrate. 

The method used in the new process does not materially diffe: 
in principle from those of Haber and Claude. The original featur: 
of the Fauser process are as follows: 

1 The direct introduction of the water for the absorption of t! 
ammonia by an induction pipe on the compressor, which lubricates 
the latter, is a considerable improvement, as the high-pressure 
pumps used in other processes may be dispensed with. 

2 The condensing column, common to all methods and used to 
separate the lubricant introduced by the compressors, is used in 
this case to separate and absorb the ammonia. 
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3 A scientific system of heat recovery from the gases leaving 
the reaction chamber gives a marked economy in the fuel required 
to separate the ammonia from the aqueous solutions. 

The outstanding feature of the new process is the way in which 
all waste is collected and utilized; the expensive liquid-air plant 
for obtaining the nitrogen gas required in the ammonia synthesis 
is eliminated, and the nitrogen used is obtained entirely from the 
residual gas left in the process of oxidizing the ammonia by air 
The process as a whole forms an apparently perfect closed chain 
in which the electric power supplied converts the raw materials, 
iir and water, into nitric acid or 
by-products 

The working pressure is slightly higher than in the Haber process 

300 atmos. instead of 200), which appears to allow the liquefaction 
of the ammonia in the anhydrous state without difficulty. The 
uncondensed portion is absorbed in water under pressure, and after- 


nitrates without any useless 


ward obtained by means of an ingenious system of recovery and 
stored in a gasholder. The layout of the plant also contains other 
nteresting features making for economy both in the operations 
with liquid ammonia and with the nitrie acid. (The Chemical Age, 
ol. 9, no. 218, July 14, 1923, pp. 28-30, 3 figs., d 

THe Use or 


AND ALLIED ProcEssEs, | 


OXYGEN OR OXYGENATED AIR IN METALLURGICA! 
W. Davis. In view of the many recent 
developments in oxygen manufacture, and considering the in- 
reasing cost and decreasing quality of our raw materials, the 
Bureau of Mines, Department of the Interior, appointed an Ad- 
sory Committee to study the problem of the application of oxygen 

oxygenated air to metallurgical and allied processes. M. H. 
Roberts, vice president of the Franklin Railway Supply and con- 
sulting engineer of the Bureau of Mines, is chairman of the Com- 

ttee 

rhis committee has made a thorough survey of the existing 
processes for the manufacture of 99 per cent oxygen. The con- 

sions reached by this survey are that the comparatively small 
demand for the product has prevented the installation of large 
units suitable for metallurgical with corresponding 
nomies, and by far the greater proportion of the present cost 
xygen represents the cost of transportation, storage, and service 
Large oxygen-manufacturing plants can be built to serve metal- 
al purposes directly, which will be capable of delivering 

gen at a cost not to exceed $3 per gross ton. 


pre CESSES, 


In other words, 

Committee finds that the oxygen industry is now able to make 

plants for supplying large quantities of oxygen to metallurgical 
tries at low cost. 

Committee has made studies of the possible application of 

en to ferrous metallurgy in general, to the metallurgy of 

zine, to the manufacture of fuel gas, 

trial uses. 


and for some miscellaneous 
The findings of the Committee on these theoretical 
es are of such a revolutionary character that the members 
ie strong advisability of conducting experimental work to 
veriiy the truth thereof, as well as to make changes in furnace 
en and processes in order to take full advantage of the probable 
fits to be gained. 

‘results of these studies indicate that not only will the use of 
oxygen decrease materially the cost of present metallurgical proc- 
esses, but that it will make available for use large quantities of 


low-grade ore and fuel which is now considered worthless. (Reports 
of lwestigations, Bureau of Mines, Serial no. 2502, July, 1923, ep) 
RouuiNnG Stee, anp Non-Ferrous Rines. Description of a 
process of making rolled rings for gear blanks and for bearing and 
spinning blanks as used by the Weldless Rolled Ring Co., Cleveland. 
d process of making rolled rings includes two main steps. 
The first is forging a hollow blank smaller than the desired ring from 
round or square bar stock by the usual upsetting process on a 5-in. 
National flange machine. 


tage (Blanks for rings weighing from 20 to 
. are forged under a drop hammer or power press.) After the 
blank is formed it is placed on the rolling machine and rolled out, 
the wall thickness being decreased and the diameter increased 
until a ring is formed of the desired size and shape. 

Among the advantages claimed for the rolled rings are that 
they can be rolled close to size and that sections can be rolled that 
cannot be drop-forged. Thus the periphery and inside can be 
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made in such forms as full channel sections or with grooves The 
Jron Age, vol. 112, no. 4, July 26, 1923, pp. 204-206, 7 figs., d 
TESTING AND MEASUREMENTS 

Direct DeETERMINATION OF DeEWPOINTS OF GASOLINE-AIR 


Mixvures. A method of determining directly the dewpoints of 
gasoline-air mixtures in the proportions required for use in internal- 
combustion engines has been devised by W. A. Gruse and was 
presented to the division of petroleum chemistry of the American 
Chemical Society in a paper read before that society at New Haven, 
Conn., on April 5, 1923 
significance of t] 


It is based on a belief in the fundamental 
e dewpoint of a gasoline-air mixture and consists 


of blowing a fuel mixture of known composition against an internally 


cooled metallic mirror and observing the temperature at which 
dew is formed 
4 detailed description was given of the apparatus used ir making 


the determination and the results obtained were compared with 


those secured by R. Ek. Wilson and D. P. Barnard, 4th, by their 
method of equilibrium mixtures in tests previously reported by 
them. The distillation curves of three commercial fuels bought 


in the open market at Pittsburgh were studied, their dewpoints 
were investigated, and the effects of adding 1 and 2 per cent of 
kerosene were observed with a view to determining the sensitiveness 
of the dewpoint in the presence of small amounts of heavy ends 
Increases of from 4 to ) deg. in the temperaturs at which dew forme d 
were noted with practically all of these fuels 

A direct determination of the dewpoint of samples of the same 
fuels used and offered for test by Wilson and Barnard showed that 
their figures are approximately 20 deg. lower than those determined 
directly and that the change in the dewpoint corresponding to a 
change from a 12-to-1 to a 15-to-1 mixture is of the order of 7 or 
8 deg. when measured directly, whereas Wilson and Barnard in 
their tests previously referred to found a uniform variation of ap- 
proximately 4 or 5 deg. for a number of different fuels 

A comparison of the figures for a second group of fuels shows 
that the direct determination gives dewpoints that are higher in 
all cases than those arrived at by the equilibrium mixture. (a) 
The apparatus can be constructed in an ordinary laboratory and 
machine shop; (6) with a little practice the dewpoimts can be read 
with fair accuracy and reproducibility; 
ciently direct to be free 
atile fuels of 


it is believed to be suffi- 
and (d) it applies to vol- 
any nature. It is offered tentatively as suitable for 
the direct determination of the volatility of motor fuel 
with the idea that it may be useful in studying specifications and 
blending operations and for the control of other methods of eval- 
uation. 


from large errors 


“effective” 


The Journal of the Society oT { uftomotive Engineers vol. 


13, no. 2, August, 1923, p. 170, ep) 
An EXPERIMENTAL SENSITIVE BaLANce. A balance devised 


by Hans Peterson is said to be capable of weighing to a sensitive- 
ness of '/,0,000,00th part of a grain. The beam of the balance is 
a small piece of quartz measuring less than 2 in. in 


weighing about a grain only. 


length and 
What would correspond to the pans 
in an ordinary pair of delicate scales are suspended from quartz 
threads a thousandth of a millimeter (one twenty-five-thousandth 
of an inch) in diameter. 

The actual weighing is done by measuring the vibrations of the 
balance by means of a spot of light thrown upon a scale, which 
shows the actual movement of the balance enormously magnified. 

Such refined weighing. has to be done in a vacuum, and the 
instrument is mounted in a container from which the air can be 
exhausted before the actual work commences. 

The balance itself weighs about 3 grains and is sensitive to the 
ten-millionth part of a milligram. (American Journal of Pharmacy, 
abstracted through Merck’s Report, vol. 32, July, 1923, p. 96, d) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general, A historical; m mathe- 
matical; p practical; s statistical; ¢ theoretical. Articles of especial 
merit are rated A by the reviewer. Opinions expressed are those 
of the reviewer, not of the Society. 











Test Code for Locomotives 


Preliminary Draft of Code No. 15 in the Series of Nineteen Being Formulated by the 


A.S.M.E. 


Committee on Power Test Codes 


HE revision of the A.S.M.E. Power Test Codes of 1915 which was 

begun by the present Committee is now progressing rapidly. 

Below is reproduced the Test Code for Locomotives. The 
Individual Committee which developed this Code is headed by Prof. 
J. M. Snodgrass as Chairman and consists of Messrs. G. M. Basford, 
W. F. Kiesel, Jr., G. E. Rhoads, E. C. Schmidt, M. Toltz and C. D. 
Young. 

The Committee and the Society will welcome suggestions for corrections 
to and modifications of this draft of its Code from those who are especially 
interested in the testing of locomotives. These comments should be ad- 
dressed to the Chairman of the Committee, in care of The American Society 
of Mechanical Engineers, 29 West 39th Street, New York, N. Y. 

INTRODUCTION 

1 Locomotive tests are of two leading kinds, laboratory tests and 
road tests. The former are made in a locomotive laboratory under 
conditions quite similar to those of a stationary power plant in which 
the power is absorbed by a brake. The latter are made under con- 
ditions of service on the road, the locomotive hauling a train of cars. 
The rules for conducting tests of steam locomotives are therefore 
divided into two parts: a code for laboratory tests and a code for 
road tests. 

2 The locomotive being a complete steam plant in itself, em- 
bracing boiler, engine, and certain auxiliaries, a locomotive test 
will in general be comparable with the test of a stationary plant 
embracing somewhat similar equipment. Where locomotive tests 
include detailed tests of auxiliary equipment, those portions of the 
A.S.M.E. test codes applicable to the particular auxiliary ap- 
paratus under test should be employed in so far as may be practicable 
in testing such auxiliary apparatus. 

3 Where locomotive tests are made with some object in view 
which is different from the objects specifically covered by these 
codes, it is expected that the codes presented may constitute the 
basis for determining methods to be adopted, the data to be taken, 
et cetera. The codes are prepared for the test of a two-cylinder 
simple locomotive using superheated steam. When the locomotive 
tested is of a different kind from that for which the code is pre- 
pared, modifications may be required in the test procedure or in 
the reporting of the data and results. Where such modification of 
the code is necessary, it should be made with the view to report- 
ing results which may be of the greatest possible value for com- 
parative purposes with other test results reported under the code 
or under some slight modification thereof. In order that loco- 
motive test data and test results may have the greatest possible 
value, particularly for comparison with more or less similar test 
data and results, it is desirable that the data taken be fairly com- 
plete as to the items indicated in the code here submitted, and that 
in the making of tests for special objects or with special locomotives 
the methods indicated in the codes as desirable be adopted in so 
far as conditions will permit. Where a fuel is used other than 
coal, for which the code is specifically prepared, modifications 
of the code may become necessary and should be governed by the 
same considerations concerning completeness and uniformity of 
data, and the desirability of reporting results that may be valuable 
for purpose of comparison. 


Test Code for Laboratory Tests 
Ossects or TEsT 
4 The object of a laboratory test as covered by this code is 
the determination of the coal and steam consumption per unit 
of power when the locomotive is operated under fixed conditions. 
5 If the object of the test differs from that for which the code is 
specifically prepared the particular object should be determined 
and recorded in accordance with the suggestions of Pars. 1, 2, 


and 3 of the General Instructions, and the entire conduct of the 
test should be in accord with the object in view. 


MEASUREMENTS 


6 The principal determinations which must be made in a test of a 
locomotive are: 


(a) The engine and driving-wheel dimensions for horsepower calcu 
lations 

(>) The leading boiler dimensions, such as grate surface, heating 
surface, and boiler volume, which enter into calculations involving 
coal and water consumption 

c) The operating conditions, such as throttle and reverse 
positions, which define test conditions 

d) The speed 

(e) The indicator diagrams for the determination of horsepower and 
engine conditions 

f) The temperature of laboratory, feedwater, superheated steam 
in firebox, and in front end 

g) The barometric pressure 

(hk) The relative humidity of the atmosphere 

i) The boiler pressure 

(j) The draft in ashpan, firebox, and front end 

k) The quality of the steam in the dome 

(1) The weight of the feedwater and the weight of water and stear 
lost or used through leaks, auxiliary apparatus, etc. 

(m) The weight of the coal fired 

(n) The weight of the ash 

(o) The weight of the cinders 

(p) The chemical analysis and calorific determinations of the 
ash, and cinders 

(q) The composition of the front-end gases 

r) The blackness of the smoke 
The drawbar pull 

(t) The dimensions and determinations that may be required 
connection with such auxiliary apparatus as may constitute a 
of the locomotive undergoing test. 


lever 


INSTRUMENTS AND APPARATUS 


7 For laboratory tests it is assumed that a testing plant is ava 
able where the driving wheels can be mounted upon the suppo: 
ing wheels of a friction-brake apparatus for suitably disposing 
the power. The essential parts of the test plant which must 
considered as necessary apparatus are: 

(a) The mounting or revolving wheels upon which the « 
while the locomotive is in operation 
(b) The brake apparatus by which the work of the locon 
sorbed and dissipated 
(c) The dynamometer for the determination of the work don« 
power developed. 
A fourth piece of apparatus which, on account of its size, in « 
that it function properly, must generally be considered as a 
tion of a testing plant, is 
(d) The cinder separator and collector. 
8 Other apparatus and instruments required for a laboratory 
test are: 
Water-weighing apparatus 
(f) Weighing apparatus for coal, ash, anda cinders 
g) Graduated scale attached to the water glass 
(hk) Pressure gages, draft gages, thermometers, and pyromet 
(i) Barometer and hygrometer 
(j) Speed-measuring apparatus 
(k) Steam-engine indicators with indicator rigging or reducing 1 
(1) Steam-sampling apparatus and steam calorimeter 
m) Gas-sampling and gas-analysis apparatus 
(n) Coal-, ash-, and cinder-sampling apparatus 
(0) Fuel calorimeter 
(p) Smoke charts or other apparatus for the purpose of making 
density determinations. 
In addition to the above it is necessary or desirable to have p 
eters, micrometers, scales, calculating instruments, etc. 

9 The laboratory test described in the Locomotive Code « 
readily be inade unless a testing laboratory is available wier 
the locomotive may be sent, and where this work may be carme¢ 
on. Such a laboratory is too expensive to be constructed tor t 
purpose of ascertaining the performance of an individual locom:tvé 
How to arrange and install a laboratory testing plant seems (1er 
fore a matter for independent consideration. 

10 At the present time the following universities have loc” 
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motive-testing la-boratories 


Purdue University, Lafayette, Ind.; 
University of 


Ill nois, Urbana, Ill.; and Iowa State University, 
Ames, lowa. Under certain arrangements locomotives may be 
sent to these laboratories for test purposes. Information con- 
cerning the design and operation of these laboratories has been 
published in reports concerning them and their work. The Pennsyl- 
vania Railroad Company maintains and operates a locomotive- 
t esting laboratory at Altoona, Pa. 

11 In 1904 the Pennsylvania Railroad Company carried on an 
elaborate series of locomo tive-laboratory tests at the Louisiana 
Purchase Exposition, St. Louis,§Mo. A description of the plant 
there installed, and of the tests made upon it, may be found in a 
volume published in 1905 by that company entitled, Locomotive 
Tests and Exhibits. This plant and the tests referred to were 

planned under counsel of an advisory board, three of whom were 
members of The American Society of Mechanical Engineers. 

i” Directions regarding the use, the calibration, and the ac- 
euracy of the instruments mentioned in this section are given in 
Pars and —— of the code on Instruments and 
Apparatus. 


PREPARATIONS 


13 Pars. 1 to 15, inclusive, of the General Instructions should 
read and carefully studied. 


1 Dimensions. General directions concerning dimensions are given 
Pars. 4, 5, and 6 of the General Instructions, and Table 1 presents a form 
r recording the usual dimensions to be taken. In general the dimensions 
rded should be determined by actual measurements of the locomotive 
The cylinder clearance may be determined approximately 
When this is done the dimensions 
ed shculd be checked by actual measurements. When practicable the 
srance should be determined by the water-measurement method. The 
ter-measurement method of determining clearance is described in Par. 50 
the Rules for Conducting Tests of Reciprocating Steam Engines. 
[he dimensions of certain portions of the locomotive should be recorded, 
ially by reference to drawings or prints that may become a part of the 
wrded data. Such records, though varying somewhat with the nature 
| purpose of the test and the equipment tested, are indicated by and in 
eral should include the following 
I The front-end-arrangement dimensions 
Il The location of the throttle valve and the actual lift of throttle 
valve in relation to throttle-lever position 
Ill The reverse-lever arrangement and quadrant marking 
IV The connection between the boiler and the gage glass which is 
used in determining height of water in the boiler. 
3h Leakage. In general all leakage of water, steam, or air should be 
minated or reduced toa minimum. Where leakage is considered unavoid- 
or permitted for other reasons, its amount or effect should be determined 
th the greatest exactness possible. The principal ways in which serious 
or error through leakage may occur are: 
I Blows past the piston and valve packings 
II Leaky flues, leaks at mud ring or at boiler seams 
Ill Leaks into the front end from superheater or other steam-pipe 
joints 
IV Leaking throttle 
V. Air leaks into the front end 
<omewhat elaborate methods of determing leakage have been described 
ertain of the test codes such as those relating to Complete Steam Power 
nts and Steam Engines which may be adapted to a greater or less extent 
onnection with the determination of leakage during locomotive tests 
hen the leakage may be considerable during a locomotive test and extreme 
iracy is aimed at, the methods of determining leakage described in the 
rious codes which are concerned with apparatus similar to that of the 
eam locomotive should be studied and made use of, in so far as may be 
cticable. For the most part leakage determinations in connections 
th locomotive tests can only be considered as somewhat roughly approxi- 
te and, where test conditions do not require otherwise, the effort should 
made to eliminate leakage rather than to measure it accurately. 


leTgZ 


ing test 
m working drawings of the locomotive. 


Physical Conditions. Attention to wear or variations from what are 
sidered usual conditions as to dimensions should be given, particularly 
i regard to such items as the following: 

I Preferably all driving wheels should be the same diameter and 
should be of standard contour. The exact method of taping the 
tires should be recorded 

Il Each pair of driving wheels should be checked to see that they are 
correctly quartered for the crankpin 

lIII The frames should be tested to see that they line with the cylinders 

IV The stack and draft pipe should be lined to determine that they 
are properly erected with reference to the exhaust nozzle 

VY  Grates should be examined with regard to wear or broken parts. 


3d Service. Records should be made concerning the previous per- 
formance of the locomotive, particularly of unusual service to which it 
may have been subjected or unusual attention which it may have received. 
The following indicate items for consideration: 
I Miles run and nature of service since built or since last shopping 
for general repairs 
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Il Nature of recent light repairs 
III Methods of lubrication and kinds of lubricant used 
IV Condition of the tubes and boiler as a whole regarding scale and 
sediment 
Vs Information concerning the kind of water used during the tests 


and immediately prior thereto. 
VI Valve gears should be checked that their performance may be 
known and compared with that of the standard for the locomotive 
13e Installation of the Testing Appliances Install and calibrate the 
testing appliances in accordance with Pars. 9 to 12 of the General Instructions 
and in accordance with the Main Code section on Instruments and Ap- 
paratus. The apparatus and instruments and their use in 
locomotive testing should in general be the same as in similar tests of sta- 
tionary apparatus unless there is a good reason, on account of lack of space 
or other considerations, for variations from the usual practice. Reference 
may be made to the boiler and engine codes or to such other A.S.M.F. 
codes as are concerned with apparatus similar to that tested during a loco- 
motive test. A suitable signal arrangement should be installed so that 
observations may be properly timed and that, where desirable, simultaneous 

observations may be made. 

Two water-weighing tanks of about 1500 Ib. capacity each, placed upon 
platform scales of about 2500 lb. capacity, and one receiving tank of about 
250 cu. ft. capacity make up a convenient-sized arrangement for weigh- 
ing feedwater The receiving tank should preferably be at a level corre- 
sponding with the usual locomotive tank so that the head of water at the 
feed pump or injector will be that found in practice. The overflow from 
the injector should be caught in a small tank (30 to 50 cu. ft.) and returned 
to the receiving tank so that there will be no need to make correction for 
loss of feedwater at this point. 


location of 


Platform scales with one tare beam for 
weighing coal should be of about 2500 lb. capa ity, and the 
conveniently handled in wagons holding 1000 Ib. each. 


coal can be 


Whenever possible, it is best to arrange such gages as are required on 
supports apart from the locomotive and to use small copper or lead tubing in 
making connections. The pressure gage belonging to the locomotive usually 
has a scale of graduation which is too coarse for use in tests and its location 
in the cab is not satisfactory on account of inaccessibility and vibration 
This gage should remain in place and new connection should be made in the 
pipe leading to it, and a gage having suitable range and graduated to single 
pounds should be connected and mounted on a firm support near the 
cab 

The gage glass which is used in determining the height of water in the boiler 
should be so connected as to give correct indications of water level. This 
can usually be assured by making the top gage-glass connection through 
the roof sheet somewhat forward of the back head sheet. 

In the locomotive smokebox the draft pipes should extend to the vertical 
center line, one in front of and one back of the diaphragm. The draft pipes 
may be '/;-in. iron pipe and should have a plain open end facing across 
the flow of gases so as not to become stopped with cinders. The draft 
connection to the firebox should be about midway of the length of the grates 
and about 24 in. above them. This draft pipe can usually be inserted 
through a staybolt. The draft pipe in the ashpan should have its open end 
at a point near the center of the grates 

Figs. 1 and 2 present diagrams showing the approximate location of a 
number of the instruments used during locomotive tests. Judgment must 
always be exercised in the location of instruments in order that data may be 
secured which are truly representative of the conditions which are to be de- 
termined. 

The locomotive speed should be measured by a revolution counter ap- 
plied, preferably, to the main drivers. A speed indicator, as of the electro- 
magnetic type, with the indicating dial in view of the speed-control operator, 
should also be used 

The indicator driving rig should be rigid and of a form which will not 
introduce errors in the motion of the indicator drum. Frequent inspection 
of the parts subject to wear should be made and lost motion should be elimi- 
nated. 

The steam-sampling apparatus should, ordinarily, be located in the 
steam dome in such a manner as to obtain as representative a sample as may 
be possible. A throttling calorimeter is generally the most satisfactory 
type of instrument to use. In case the amount of moisture in the steam is 
so great that it cannot be measured with a throttling calorimeter, a separat- 
ing calorimeter should also be used. 

The sample of gases for the flue- or smokebox-gas analysis should be 
drawn from the region near the center of the main body of escaping gases, 
using a sampling device designed to collect a representative sample of the 
gases. Such a sampling device may be made from '/+in. iron pipe and may 
be introduced horizontally through the smokebox front, preferably about 
the center of the gas passage between the bottom of the smokebox and the 
table plate. The entrance end of the pipe should be bent to form a part 
extending across the current of gases and this part should contain per- 
forations opening toward the current of the gases, the collection area of 
the perforations being less than the area of the pipe. 


18f Fuel. The coal used should, in general, be of some kind that is 
regarded as a standard for locomotives of the same general kind and service 
as the locomotive undergong test, or standard for the locality where the test 
is made. The fireman should have sufficient familiarity with the coal used, 
or be otherwise able to handle it satisfactorily. Where tests are made with 
a special object in view it may be necessary to select the fuel in accordance 
with that object. 


13g Preparatory Tests and Determinations. Certain preliminary or aux- 
iliary tests are in general necessary or desirable: 
I A calibration of the boiler, which in particular will show the 
























































































604 


weight of water contained in that part of the boiler corresponding 
to the gage glass, should be made previous to the test proper. 
Il The rate of discharge of steam through the safety valves should be 
determined 
III Tests of or determinations concerning auxiliary equipment should 
be made to determine the conditions under which they are operat- 
ing and the amount of steam and coal required for their operation. 
13h Sampling Coal. Previous to or during the progress of the trial, 
the coal should be sampled in the manner provided for in Pars. -—- 
of the code section on Fuels. Too much emphasis can hardly be placed on 
the importance of proper coal sampling. 

13i Chemical Analyses and Calorifie Determinations. Chemical analyses 
and calorific determinations of the coal sample are to be made in accor- 
dance with Pars. —-————— of the Test Code on Fuels, as are also the chem- 
ical analyses of the front-end gases. 

13) Ash and Cinders. The ash withdrawn from the ashpan, or elsewhere 
collected, and the cinders from the front end or cinder collector shall be 
sampled as nearly in accordance with the directions for sampling coal as 
For the samples of the ash and cinders, calorific 
determinations shall be made in the same manner as similar determinations 
for coal. Chemical analyses, at least to the extent of determining the 
combustible content of the ash and cinders, are to be made in accordance 
with the methods governing the coal analyses. 


circumstances will permit. 


OPERATING CONDITIONS 


14 Determine what the operating conditions are to be and 
note the information and directions given in Par. 10 of the General 
Instructions. In general, the predetermined operating conditions, 
the effect or relation of which are to be studied, or such operating 
conditions as appreciably affect the test, should be maintained as 
nearly uniform during the test as the limitations of the work will 
permit. There should be, in general, uniformity in such matters 
as steam pressure, times of firing, quantity of fuel supplied at 
each firing, speed, rate of supplying feedwater, cut-off, and in the 
load applied. It is particularly important that the firing should 
be in the hands of skilled firemen and that, in so far as may be 
possible, one fireman be used throughout any one test or series of 
tests which are to be compared. 

15 Unless special conditions require otherwise, the locomotive 
undergoing test should be practically free from scale, and during 
a test or series of tests it should also be free from unusual accumula- 
tions of sediment. During a long series of tests such boiler washing 
and other cleaning of the heating surfaces must be arranged for as, 
in the judgment of the test directors, will give most representative 
and reliable results. Records should be made concerning such 
washings or cleaning operations as are carried on. The fire side 
of the heating surface should in like manner be practically clean 
before starting a test and should be maintained in uniformly good 
condition in this respect throughout a series of tests. When- 
ever there is a liability of even moderate cinder accumulations 
upon the back tube sheet or in the superheater flues, or the ac- 
cumulation of loose ash and cinders in the flues and tubes, such 
parts should be cleaned prior to each test. In general, tubes and 
flues should be inspected after each one or two tests, or daily, and 
blown out as may be necessary and as test conditions permit. 
Where more thoroughgoing cleaning operations may be required, 
as in a long series of tests, such operations should be conducted 
at comparatively short intervals of time and record kept thereof. 


STARTING AND STOPPING 


16 Consult Pars. 16, 17 and 18 of the General Instructions. 
Preferably, fires should be built up from a clean grate for each 
test. Where this is impracticable, the fire having been thoroughly 
cleaned, and banked when necessary, the bank should be broken 
up and fresh fuel supplied. The locomotive should be started and 
run, at the speed of the test, a sufficient length of time to build a 
level fire. All conditions of fire and speed having become uniform, 
the locomotive should be operated for at least ten minutes under 
the predetermined operating conditions before the test should, be- 
gin. On signal observe the fire conditions, steam pressure, water 
level in boiler, and the time, and record the latter as the starting 
time of the test. The ashpan should be clean at the starting 
signal. In closing a test, simultaneous observations should be 
made upon steam pressure, water level, and fire conditions, and 
the time recorded as the close of the test. When the test is com- 
pleted, the ashpan should be cleaned, and the ashes and cinders 
accumulated during the test should be collected as soon as possible. 
17 In géneral, it is extremely desirable that such firebed con- 
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ditions may be maintained as will permit substantially the same 
amount of combustible upon the grate at the start and at the close 
of the test. It is also, in general, desirable to close a test with 
the same or practically the same steam pressure and water level as 
obtained at the start of the test. 


DURATION 


18 The duration of a laboratory test of a locomotive will depend 
to some extent upon the character of the fuel used, the rate of 
combustion, and the working limitations of the moving parts. 
The test should preferably be continued until at least 25 Ib. equiv- 
alent evaporation of water per square foot of water-heating sur- 
face has been obtained. If however, the coal and water con- 
sumption are uniform, tests of three hours will be sufficiently long 
in any case. 


REcOoRDS 


19 Consult Pars. 20 to 30 of the General 
rections coneerning records. 


Instructions for di- 
The data should be taken in such 
subdivided into 
paratively short periods and that the leading data thus obtained 
for any one or more of such periods may show the degree of uni- 
formity obtained. Coal and water particular 
should be taken in such manner as to facilitate subdivision of this 
kind. Observations in general should be taken every ten minutes 
and when it is essential that a number of observations be taken 
simultaneously, a sufficient number of observers must be avail- 
able. 


manner that the test mav be a number of com- 


observations in 


CALCULATION OF RESULTS 


20 Pars. 31 to 35 of the General Instructions present information 
with regard to working up data. The present section, Calculatior 
of Results, gives in detail methods for calculating the results listed 
in Table 1 excepting those items whose determination is more or 
less self-evident. For additional directions relative t 
calculating boiler and engine results, 
Pars. of the Boiler Code and Pars 
the Engine Code. For methods of calculating results pertaining t: 
auxiliary apparatus, reference should be made to the individua 
codes relating to such apparatus. 


methods ot 
reference may be made t 


and — and ( 


21 The events of the stroke and the corresponding pressur 
should be determined for each indicator diagram by inspecti: 
and measurement. The values recorded should be averages of t! 
determinations made from individual diagrams. Indicated-hors 
power calculations should be made for each indicator diagra: 
Pars. 13 and 13a of the code for reciprocating steam engines outli 
the method to be employed. 

22 The “heat distribution” or “heat balance,’ Item 41 of Tabk 
should be calculated in accordance with the instructions giv 
in the Boiler Code, Pars. , under Computations for Test 
with Solid Fuels. 


IrTeEMs 
Minute 


MetTHop OF CALCULATING INDIVIDUAL 


Item 22 Revolutions of Driving Wheels per 


Item 22(a) 

Item Is xX 60 
Speed Equivalent of R. P. M., Miles per Hour 
Item 3(c) X 60 


5280 


Item 22(d) 
Item 22 X 
Item 22(d) Piston Speed, Feet per Minute: 
[Item 13(a) + Item 14(a)] 
: ae 


Item 23 Temperature of Feedwater: 


Item 22 


This is the temperature of the feedwater taken before heat is 
to it from the locomotive in any way. In the case of locon 
equipped with feedwater heaters, particularly when exhaust 
or condensate is returned to the feedwater supply, Item 23 s 


be so determined as to give the locomotive credit for al! heat 
transferred to the feedwater by this exhaust steam or condensate 
added. 
Item 24(e) Relative Humidity, Moisture per Pound of Dry Air, 
Pounds: 
The relative humidity should be determined by the use of apparatus 48 


described in Pars. —————— of the code on Instruments and AP 


paratus. 


will be calculated from the temperature data taken from wet J 
and dry-bulb thermometers. 


The Locomotive Code assumes that the relative humidity § 
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{tem 26(c) Barometric Pressure, Pounds per Square Inch: 

The barometric pressure should be obtained from a suitable barometer 
as described in Pars. of the code on Instruments and 
Apparatus. No correction need ordinarily be made to the observed 
values. 

Item 30 Smoke, Percentage 

Smoke-density determinations should ordinarily be made through 
the use of the Ringlemann smoke charts as described in Pars 
to of the code on Instruments and Apparatus. 

Coal Fired, Total, Pounds 


100 Item 2S8(g 


as Observed: 


Item 32(a) Dry 
te oe 
I em ~ 100 
Item 34 Quality of Steam in Dome, Per Cent 
Qu ality of steam in the dome when determined by means 
calorimeter should be calculated by the 


H. + 0.47 X (ft / } 


formula 


where 
juality oft steam 
t, observed temperature in calorimeter 
t temperature of saturated steam at pressure in calorimeter 
} heat of liquid due to boiler pressure 
H total heat of dry steam at calorimeter pre ire 
latent heat of dry steam due to boiler pressure 
Item 34 should be an aver wwe of the individual determinations of 
Item 34(a) Superheat in Branch Pipe, Degre« 
Item 24 f 
where 
t temperature of saturated steam at branch-pipe pressure 
Item 35 Water Evaporated, Total, Pounds 


Item 35(« Item 35 
Item 35(a) Water Delivered to Boiler 


In the case of locomotives not equipped with feedwater heater 


Item 35(a) 4 


equipped with heaters which do not 
suppl 


boiler is generally readil! ur 


return an 
the determinatior 


exhaust 
feedwater 
to the 


steam or condensate to the 
of the total deliv 


case of locomotives equipped with open feed 


water ered 
In the 
water heaters or other heaters in the operation of which exhaust 
steam or condensate is returned to the suppl special 
provision must be made to determine the total amount of water 
deli the This is to I 
both the total water delivered to the boiler 


ranged for 
feedwater 


vered to boiler be done in such a way that 


ind the amount of the 


exhaust steam or condensate additions are determined Further- 


more, in the case of locomotives in which exhaust steam or con- 


densate is returned to the feedwater supply, all results involvir 


water or steam supply must be so calculated that, first, items of 


jiler performance will credit the boiler with all heat transferred 
second, iT 


with all of 


to the water and steam items of engine performance w 
the deli 
ind third, items of general locomotive performance will 


proper 


charge the engines steam or heat vered to 


them 


show the relations between locomotive output ind the 


amounts of coal and water delivered to the locomotive. The type 
ind arrangement of the feedwater heater will, to a large extent 
determine the original observations which must be made, the 


methods which must be employed in making them, and the manner 
in which subsequent calculations must be modified in order to 
include the performance of the feedwater heater 
In general, in with feedwater 
in addition to the determination of the amount and temperature 
of the inlet water, there should be determined the temperature 
of the outlet water and, in the case of open heaters, the tempera- 
and pressure of the exhaust steam going to the feedwater 
heater. Wherever the feedwater supply is heated through 
return of exhaust steam or condensate, sufficient observations must 
be made concerning the amounts and temperatures of the water 
affected to make possible the calculations of boiler, engine, and 

overall performance already mentioned. 

In ease that a more complete test of the feedwater heater 
desired than that involved in determining the performance and 
efficiency of the locomotive as outlined in this 
should be made to the Test Code for Feedwater Heaters 

Ite 35(b) Weight of Water in Boiler at Start of Test Minus. Weight of 
Water in Boiler at Close of Test, Pounds: 

This item may be obtained from the boiler gage-glass calibra- 

Che total weight of the water in the boiler should be de- 

termined calibration which may be made by filling the 

boiler with weighed water or may be made approximately through 

calculations based upon the boiler dimensions. 


properly 


testing locomotives heaters 


ture 


the 


code, reference 


tion 


irom a 


; [tem 35(c) Boiler Corrections for Change of Water Level and Change of 
= ; < Pressure in the Boiler from Start to Close of Test may be cal- 
na culated by the formula: 

29 wi (ha + xL hi) wy (ha + lL h 
Ms a he T rL h 
aratus as ¥ where 
iy w; = initial weight of water in the boiler, pounds 
yumidity § wy = final weight of water in the boiler, pounds 





wet 


heat of liquid due to average boiler pressure 
quality of steam, average 
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L = latent heat of dry steam due te average boiler pressure 
h, heat content of liquid at start of test 

hy heat content of liquid at close of test 

/ heat content of liquid due to average feedwater temperature. 


In case proximately the 


that the test can be closed with ay 


same water level and the same boiler pressure as obtained at the 
the start of the test, the boiler correction becomes small and may 
ordi ‘ lisregarded 


Pounds 


1s measured or estimated, which is lost through 
otherwise 
lr ise th 


for Item 35(d), as just defined, a corrected value which 


it this loss is considerable it may seem de sirable to 


wi take act int of the heat transferred to the lost water his 
rrected hot-water loss« may be calculated as follow 
rh 
W ter ~~ oO ' 
} 1. xf, } 
Ord ttempt need be made to apply this correct 
Iter a M tL St I tor I 1 Other Than That Going to the Main- 
J ( ler id 
Item 35 superheated Steam Lost or Used Other Than That Going to the 
Ma I ( | 
It ) 1 35 sl d be r red or estimated as 
tar i ta will permit Prelin ry runs 
i r t iay be useful in the determination of these 
I re rt Item ) nd 35 } 1 be wn 
r ter " em cde t ithe 
: tj rt how the t irly 
ed the different x 
It is tos rheater per Hour, Pounds 
Ite Iten ) It 
Item 1S 
Ite ( M “te H P ad 
Iter : 
Item 1s 
Ite t Heat Tr r A ss Water-Heating Sur H 
I 1 f B.t.u 
It ' ( ha + I p 
LOO0 
f [ the heat idded to each pound ot water ¢ i} rated 
by the bouer ex isive of uhe superheater 
Item 36 Heat Transfer Across Superheating Surface per Hour, 
I} nds B.t.u 
It t H l 
1OOO 
H ha the heat added to each pound of steam passing 
thr h t iperheater 
H total heat steam at branch pipe pressure 
Item 37 Total Heat Transfer per Hour, T! inds of B.t 
Iter ia) Item 36 
Item 37(a) Heat Transfer per Hour per Sq. Ft. of Heating Surface, 
Phousands of B.t.u 
Item 37 
Item 11 
Item 39 8 rheated Stear er Hour, Pound 


Item 40(b) Superheated Steam per Hour per Sq. Ft. of Heating Surface 


Item 39 
Item 11 
Item 41 Efficien Boiler, Per Cent 
Item 37 1000 
100 
Item 33 Item 28 


Item 42 Steam Delivered to the Engines per Hour, Pounds 


Item 35(/ 
tivalent of the W 


Item 36 


Item 42 Coal 


i 


iter ind Steam L« 


oal Equiv ilent of the ind Steam Losses 
per Hour 


Item 39 


Item 42 


Item 42 
Item 40(a) 
15 Coal as Fired per I.Hp. per Hour, Pounds 


Item 33 


Item 
Item 42(a) 
Item 44 
Dry Coal per I.Hp. per Hour, Pounds 
Item 42(b) 
Item 44 
Item 46 Steam per I.Hp. per Hour, Pounds: 


Item 45(a 
Item 33(c) 





a 
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Item om 42 (h) Trailing wheels, diameter in 
Item 44 (4) Wheelbase, driving..... in. 
Item 46(a) B.T.U.of Coal Consumed per I. Hp. per Hour: (a) Wheelbase, total. . ft. ; 
Item 45 X Item 28 () Gage of wheels. pals in d 
Saaen 27 Wiscttees Wieemmenier: (5) Weight of locomotive, with water at second gage cock and 
— er ~ : ES " average fire...... Ib 
Item 3(c) X Item 22 X Item 47(a) (a) Weight on leading truck Ib. 
33,000 (6) Weight on drivers. ... lb 
Item 48 Coal as Fired per Drawbar Horsepower per Hour, Pounds: (q) Weight on trailing truck. Ib 
Item 33 (d) Weight of tender, loaded Ib 
—— (e) Capacity of tender, coal. . tons 
Item 47 () Capacity of tender, water. gal 
Item 48(a) Dry Coal per Drawbar Horsepower per Hour, Pounds: (6) Boiler, type........ 
Item 33(c) (a) First ring, outside diameter in 
Item 47 (b) Tubes, number...... va 
. (c) Tubes, outside diameter in 
Item 49 Steam per D.Hp. per Hour, Pounds (d) Tubes, thickness. . in 
Item 36a (e) Superheater flues, number 
Item 47 (f) Superheater flues, outside diameter in 
- 910) bet eas . -D — (g) Superheater flues, thickness in 
Item 49(a) B. T. U. of Coal Consumed per D.Hp. per Hour {h) Leneth between tube shecte “ss 
Item 48 X Item 28 (i) Fire area of tubes and flues sq. ft 
Item'50 Friction Horsepower: (7) Arch tubes, number........ 
Item 44 — Item 47 (k) Arch tubes, outside diameter in 
. = ee i si ae a ee " (1) Arch tubes, thickness in 
Item 50(a) Locomotive Friction Expr anne as Drawbar Pull, Pounds (m) Arch tubes, length in 
. Item 50 X 33000 (n) Firebox, length. in 
Item 3(c) & Item 22 (o) Firebox, width in 
Item 51 Machine Efficiency of the Locomotive, Per Cent (p) Firebox, depth. . in 
Item 47 (q) Firebox, volume cu. ft 
Hath od x 100 (r) Fire doors, number 
Item 44 (s) Fire-door openings, area sq. f 
Item 52 Efficiency of the Locomotive, Per Cent (t Fire doors, hand or power operated 
2545 ; (u) Water space in boiler below second gage cock cu. ft 
it 1910) x 100 (v) Steam space in boiler above second gage cock cu. ft 
em ( 
(7) Grate area.. sq. f 
TIN ‘PORT (a) Grate, width ir 
Fina Report (6) Grate, lenath . 
23 The data and results should be reported in accordance with (c) Grate, style of 
the form, Table 1, given herewith. Pars. 36 and 37 of the General (S) Air inlets pha es total... sq. ft 
Instructions present information regarding the form and sub- =) = ee primer hare ‘he sq. ft 
stance of a final report. Under Item 10 of Table 1 the various (c) Ratio of air inlets through grate to grate area per cent 
pieces of auxiliary apparatus which are used should, if special, be (d) Ratio of total air inlets to grate area per cent 
named and either here or elsewhere in the final report such di- (e) Area of air inlets to ashpan. . aq. ft 
. . . . e ( ¢ © Oras UP é TISTOATOCA © be ( ue ope hd 
mensions and descriptions of the apparatus should be given as will f) Ratio of ashpan air inlets to area of tube and flue opening 
. . . . 2.2 er ct 
be of assistance in making clear test conditions and test results. Ss Shieaiiiaiiiin: ala 
. . . . \? an 
24 It is desirable that the test number and the test designation (2) Gupecheater elements, number 
be so given that each test or run may be readily distinguished from (6) Superheater elements, length in flue 
any other test or run. This end would be accomplished for a (c) Superheater tubes, outside diameter 
given laboratory if that laboratory would issue test numbers con- (d) Superheater tubes, thickness 
secutively. Where a number of runs or trials constitute a series of ae "— oe on 
tests it is also desirable to so select test numbers that different 5 Dendentes henter 
tests series may be somewhat readily distinguished one from the (c) Stoker 
other. The test designation should. give in brief form certain im- (d) Reverse gear 
portant test conditions which will be useful for reference purposes. (e) Air compressor 
a” “ , 2 “ : (f) Electric generator 
Uniformity in the form of the test designation as between differ- (e) Gente shaker 
ent series of test and as between different laboratories is desirable. (hk) Injectors 
The following is recommended as a suitable form for the test desig- (i) Safety valves 
nation: *** — ** — * where the digits *** express speed in revolu- () Thermic siphons 
ae” . ian dialiie ©8 ceeenee t-off i ' ‘ i tl (k) Circulating plates 
tions per minute, the digits < express cut-off in per cent, and the (). Booster engines 
letter F or P, (the final digit, *) indicates a full or a partially opened (11) Heating surface, total, based on inside of firebox, fire side of 
throttle. tubes, flues, arch tubes and superheater.. ... ...8q 
i p ve ’ tata ’ ™ er) (a) Heating surface of the tubes and flues, fire side. . sq 
TABLE 1 DATA AND RESULTS OF LABOR ATORY TEST OF A (b) Heating surface of the firebox, fire side sq 
LOCOMOTIVE (c) Heating surface of superheater, fire side sq 
A S.M.E. Code of 19—~ (d) Heating surface of arch tubes, fire side sq 
- sid la i ; (12) Exhaust nozzle, type 
(1) Test number: (a) Dimensions,..... 
(a) Test designation...... See (b) Area,net,......... 
‘ (2) Test of: (13) Cylinder diameter, right side. 
(a) Test made at...... (a) Piston stroke, right side... .. 
(b) To determine... (b) Piston-rod diameter, right side. 
(c) Test conducted by waiein’ (c) Tail-rod diameter, right side in 
(d) Locomotive, type and class (d) Clearance, right side, head end. . per cent 
(e) Locomotive. number of......... (e) Clearance, right side, crank end per cent 
DIMENSIONS AND PROPORTIONS (14) Cylinder diameter, left side........... 
(3) Rated tractive force....... Ib. (a) Piston stroke, left side........ 
(a) Driving wheels, mumber of. pairs. ee a (b) Piston-rod diameter, left side 
(6) Driving wheels, nominal diameter................ in. 2 — diameter, left side. . 7 
(c) Driving wheels, average circumference, measured i. (d) ‘learance, left side, head end per cent 
(d) Driving wheels, average diameter, measured..... Royer’ (e) Clearance, left side, crank end per cent 
(e) Engine truck wheels, number LS, «asad his /aciacia veteeee OB a ee j 
(f) Engine truck wheels, diameter...................... .in. (a) Steam ports, area........... sq. in. 
Ngi0 ‘ ‘ i t 
(g) Trailing wheels, number of pairs..................-0005. (6) Valve travel, maximum............ i ; 
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(c) Steam lap.. in. 
(d) Exhaust lap..... in. 
(e) Valve motion, type........ 


(16) Ratio of heating surface to grate area: 

(a) Ratio of fire area through tubes and flues to grate area 

») Ratio of firebox heating surface to grate area 

(c) Ratio of tube and flue surface to firebox heating surface 

d) Ratio of firebox volume to grate area...... 

Dare, Duration, Erc. 
(17) Date 
Duration of test hr. 

(19) Coal, kind and size: 

a) Method of firing, 

b) Firebed, approximate thickness in. 
20) Reverse lever position 


2) rhrottle opening 


SPEED 
(99 


22) Revolutic os of driving wheels per min 
a) Revolutions of driving wheels, total 


h) Speed equivalent of r.p.m miles per hour 
) Equivalent length of run miles 
d) Piston speed ft. per min 
Boiter PERFORMANCE 
trerage Pressures, Temperatures, Et 
23) Temperature of feedwater deg. fahr. 
Temperature of steam in branch pipe deg. fahr. 
a) Temperature of steam in exhaust passag: deg. fahr. 
b) Temperature of laboratory, dry-bulb. . deg. fahr. 
Temperature of laboratory, wet-bulb deg. fahr 
d) Outdoor temperature....... deg. fahr. 
e) Humidity, moisture per pound of dry air lb 
25) Temperature in smokebox deg. fahr. 
a) Temperature in firebox deg. fahr 
(26) Boiler pressure, gage..... lb. per sq. in. 
a) Branch-pipe pressure lb. per sq. in. 
hb) Exhaust-passage pressure lb. per sq. in. 
Barometric pressure lb. per sq. in. 
27) Draft in smokebox, front of diaphragm in. of water 
a Draft in smokebox, back of diaphragm, below super- 
heat damper in. of water 
h) Draft in firebox in. of water 
Draft in ashpan in. of water 


ling Value and Analysis of Coal, Ash and ( inde 


28) Heating value per pound of coal as fired B.t.u. 
a) Heating value per lb. of dry coal $.t.u. 
h) Heating value per lb. of combustillk B.t.u. 
c) Heating value per lb. of cinders B.t.u 
d) Heating value per lb. of ash B.t.u. 
Proximate Analysis of Coal as Fired 
e) Fixed carbon per cent 
fy Volatile matter per cent 
g Moisture per cent 
ap: ER 665 , per cent 
Sulphur, determined separately) per cent 
Ultimate Analysis of Coal as Fired 
Carbon per cent 
Hydrogen per cent 
!) Nitrogen per cent 
(m) Oxygen per cent 
Analysis of Ash 
n) Carbon per cent 
0 Earthy matter per cent 
p) Moisture per cent 
Analysis of Cinds rs 
q) Carbon . per cent 
r) Earthy matter per cent 
s) Moisture.... per cent 
lnalysis of Dry Smokebor Gases, by Volum 
29) Carbon dioxide (CO, per cent 
a) ¢ pene gen (O>) per cent 
h) ‘arbon mononide | (CO per cent 


30) Percentage of smoke as observed per cent 
miers and Ash: 
31) Total ash collected from ashpan.............. lb 
(a) Ash collected, per cent of total dry coal fire< 1 , 
(b) Ash pO ee ee -_ 
(c) Ash collected, per cent of ash by analysis................ 
(d) Cinders collected in smokebox..... eae 
(e) Cinders discharged from stack...... a — * 
ep Rs ans SO nde we os dew s cubualéidues eubes lb. 
(g) Ratio of weights, total cinders to total dry coal fired...... 


ENGINEERING 607 


Coal and Rate of Combustion: 


(32) Coal fired, total... Ib. 
(a) Dry coal fired, total Ib. 
b) Combustible, by analysis, total lb. 
(33) Coal as fired per hour. as lb. 
a) Coal as fired per hour per sq ft. of grate surface lb 
6b) Coal as fired per hour per cu. ft. of firebox volum« lb. 
é Dry coal fired per hour lb 
d) Dry coal fired per hour per sq. ft. of grate surfac lb 


Quality of Steam 


34) Quality of steam in dome per cent 
a) Superheat of steam in branch pip deg. fahr. 
7, Superheat in exhaust steam leg. fahr, 


Water and Steam: 
35) Water evaporated, total if 
a Water delivered to boiler ' ib 
h, Weight of water in boiler at start of test minus weight 


of water in boiler at close of test (plus or minus Ib. 
( Boiler correction lb. 
d Water losses. . Ib. 

f Moist steam used at auxiliaries, calorimeter, safety 
valve, steam leaks, etc., total lb. 

Jf) Superheated steam used or lost before reaching the 
engine cylinders, total lb. 

Evaporation 

36) Steam to superheater per hour Ib. 
a) Moist steam per hour lb. 

Heat transfer across wate heating surlace per 
hour units of evaporation 1000) B.t.u 

Heat transfer across superheating surface per 
hour (units of evaporation 1000 B.twu 


1000 B.t.u. 


surlace 


37) Total heat transfer per hour (units of evaporation) 
1 Heat transfer per hour per sq. It. ol heating 


units of evaporation 1000 B.t.u, 
3S) Units of evaporation per pound of coal as fired 1000 B.t.u. 
a Units of evaporation per pound of dry coa 1000 B.t.u, 
39) Superheated steam per hour Ib 
10 mu pe rheated steam per lb. of coal as fired hy 
1) Superheated steam per pound of dry coal lb. 

C Superheated steam per hour per sq. ft. of heating 


suriace 
Efficiency and Heat Distribution (per cent of heat units fired 


11) Efficiency of boiler and furnace (heat absorbed by boiler per cent 


a Loss of heat due to moisture in coal per cent 
t Lose of heat due to moisture in air per cent 
Loss of heat due to hydrogen content of coal! per cent 
1 Loss of heat due to heat in es aping gases per cent 
Loss of heat due to escaping combustible gas: per cent 
Loss of heat due to cinders per cent 
Le heat due to ashpan losses per cent 
} Loss of heat due to radiation and unaccounted for. . per cent 
] Ee Ps MANCI 
Niear »> ky yin 
42) Steam delivered to the engines per hour lb 
1 Coal is-fired equivalent of the water and steam losses 
per hour , 
Dry-coal equivalent of the water and steam losses 
per hour b 
Events and P essure from Indicato Diag am ire age 
43) Mean effective pressure . lb per sq. in 
Cut-off per cent of stroke 
} Steam-chest pressure .. lb. per sq 
Initial pressure .. lb. per sq. in. 
Pressure at cut-off lb. per sq. in. 
(e) Least back pressur: lb. per sq. i1 
Indicated Horsepower: 
(44) Indicated horsepower i.hp. 
a Right side, head end i.! Dp 
Right side, crank end i.hp 
( Left side, head end i.hp 
1) Left side, crank end iby 


15) Coal as fired per i.hp. per hour lb 
a) Dry coal per i.hp. per how Ib. 
i6) Steam per i.hp. per hour 
a) B.t.u. of coal consumed per d.hp. per hour 
GENERAL Locomotive PERFORMANCE 
Drawbar Horsepower: 


(47) Drawbar horsepower. ... d.hp 
(a) Average drawbar pull me 8 
(48) Coal as fired per d.hp. per hour. — 
(a) Dry coal per d.hp. per hour — * 
(49) Steam per d.hp. per hour........ ve 


(a) B.t.u. of coal consumed per hour 
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Locomotive Friction: 
(50) Friction horsepower bei 
(a) Locomotive friction expressed as pull at drawbar 0D. 
Efficiency: 


(51) Machine efficiency of the locomotive per cent 
(52) Efficiency of the locomotive per cent 


Test Code for Road Test 


Ossect oF TEST 


25 The object of a road test, as covered by this code, is the 


determination of the coal and steam consumption of a locomotive 
per unit of power under the conditions of road service. 

26 If the object of the test differs from that for which the code 

is specifically prepared, the particular object should be determined 
and recorded in accordance with the suggestions of Pars. 1, 2 and 
3 of the General Instructions and the entire conduct of the test 
should be in accord with the object in view. 
7 Locomotive road tests are inherently less accurate than 
laboratory tests. The precise measurement of coal and water is 
much more difficult on the road, as well as the determination of some 
of the other data. Under the usual conditions of road service there 
are bound to be wide fluctuations in speed, drawbar pull, and rate 
of firing, all fundamental factors in performance; and even under 
the most rigid control much of this variation will inevitably remain 
and exercise an important influence on the results. In a locomotive, 
cut-off and speed, for example, vitally affect the steam consump- 
tion, which varies widely with both; and boiler performance like- 
wise varies greatly with the rate at which the boiler is driven. 
In short, in a road test we are dealing with a power plant operating 
under speeds and loads which frequently vary from zero to more 
than 100 per cent above the average. 

28 If the purpose of the test, therefore, is such as to make neces- 
sary an accurate determination of the water rate or rate of evapora- 
tion, road tests will not give reliable results and the locomotive 
must be tested in a laboratory. There are other purposes for which 
road tests are inherently unsuited. Whatever their purpose, road 
tests are difficult to make, and unless they are thoroughly prepared 
for and conducted with great skill and care their results are likely 
to be misleading and frequently worse than useless. 


i) 


MEASUREMENTS 


29 The principal determinations which must be made in a road 
test of a locomotive are: 


(a) The engine and diiving-wheel dimensions for horsepower cal- 
culations 

b) The leading boiler dimensions such as grate surface, heating 
surface, and boiler volume, which enter into calculations involving 
coal and water consumption 
The operating conditions such as throttle and 
positions, which define test conditions 

d) The speed 

(e) The indicator diagrams for the determination of horsepower and 
engine conditions 


reverse-lever 


The temperature of the outside air, the feedwater, the superheated 

steam, and the front-end gases 

(g) The boiler pressure 

(h) The draft in the front end 

(i) The quality of steam in the dome 

(9) The weight of the feedwater and the weight of water and steam 
lost or used, through leaks, auxiliary apparatus, etc. 

(k) The weight of coal fired 

(\) The weight of the ash 

(m) The chemical analysis and calorific determination of the coal 

(n) The composition of the front-end gases 

(0) The blackness of the smoke 

(p) The drawbar pull 

(q) The dimensions and determinations which may be required in 
connection with such auxiliary apparatus as may constitute a part 
of the lecomotive undergoing test 

(r) The length and weight of train, number and kind of - cars, distri- 
bution of loaded and empty cars in train, and pertinent or unusual 
conditions regarding lubrication, braking equipment, etc. 

(s) Wind, weather, and rail conditions. 


Owing to the difficulties ordinarily encountered in locomotive 
road testing it will in general be found inadvisable to make ob- 
servations concerning certain of the items mentioned unless con- 
ditions therefor are especially favorable and extreme care in con- 
nection with such observations can be exercised. The advisability 
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of making observations concerning the following items should be 
considered : 

Quality of the steam 

Weight of the ash 

Composition of the front-end gases 

Blackness of the smoke. 


INSTRUMENTS AND APPARATUS 


30 For road tests it is assumed that a dynamometer is avail- 
able for registering the amoint of the force applied to the train 
by the locomotive. The use of a dynamometer practically assumes 
the use of a dynamometer car. A dynamometer car, aside from 
housing the dynamometer, provides a convenient place for the 
installation of other measuring, indicating, and recording devices. 
The code as written provides that in general the testing apparatus 
will be carried on the locomotive itself. Where a dynamometer car 
is available a considerable portion of the testing equipment may 
be advantageously mounted within that ear. Certain institu- 
tions have dynamometer cars which are available for test purposes 
and a considerable number of railroad companies own and operate 
dynamometer cars. 

31 The apparatus and insiruments required for a road test of a 
locomotive are: 


a Dynamometer for determining the pull on the drawbar 

(b) Weighing apparatus for fuel and ash 

(¢ Weighing apparatus for water in order to establish a calibration 
of the tender water tank 

(d) A suitable arrangement of graduated gage glasses or floats on the 
tender tank for measuring the feedwater 

(¢ Water meters for measuring the feedwater 

(f) Graduated scale attached to the water glass of the boiler 

(g) Suitable levels or plumb lines to show the inclination of the boiler 

Pressure gages, draft gages, thermometers and pyrometers 

(4) Speed-measuring apparatus 

(7) Steam-engine indicators with indicator rigging or reducing motion 

(k) Steam-sampling apparatus and steam calorimeter 

(1) Coal-sampling apparatus 

(m) Fuel calorimeter 

(n) Air-pump stroke counters 

(0) Some portable weighing or measuring apparatus for the deter- 
mination of water losses or leaks such as injector overflow. 


32 Additional directions regarding the use, the calibration 

, 

and the accuracy of the instruments mentioned are given in Pars, 
and of the code section on Instruments and Apparatus. 


PREPARATION 


33 In general, the preparations as given for the laboratory tests 
should be carried out preparatory to placing the locomotive in 
service with the understanding that some special directions re- 
garding the installation of the testing appliances which refer to 
road tests should be followed. Par. 13 and sub-paragraphs 13a 
to 13) which relate to preparation for laboratory tests, should be 
studied. 

34 The following directions relate to location of apparatus and 
special requirements for road tests: 

(a) The water meter should be attached to the suction pipe of the in- 
jector at a point where it can be conveniently read when the train is in motion 
A check valve should be provided to prevent hot water backing through 
it when starting and stopping the injector. A strainer should also be 
provided. 

(b) The indicator rigging should be particularly rigid and suited to severe 
service under road conditions without liability to disarrangement during a 
test. Light tubing should be used to transmit the reduced motion to a point 
near the indicator. Lack of room and facility of operation make it desirabl 
to use a single indicator for each cylinder, connected to the two ends by 
three-way cock. The piping to the indicators should be not less than */« 
in. inside diameter. It is best to carry the pipes to the side of the cylinder 
opposite the clearance spaces rather than to the cylinder heads or to tl 
steam ports. A branch leading to the steam chest should be provided 
Sharp pipe bends should be avoided, and the outside piping should be pri 
tected to avoid radiation. Rigidity of the indicator cock is essential and 
should be obtained by clamping it securely to the cylinder. 

(c) Unless suitable coal-weighing apparatus can be installed upon or 
near the tender, the coal must be weighed previous to the test and be s 
arranged upon the tender, by sacking or otherwise, that an accurate record 
of the coal used may be obtained. Coal taken en route should be delivered 
to the locomotive with such care that serious error concerning its weight may 
not occur. 

Extreme care and watchfulness are necessary at all times in order to o! 
tain reasonably accurate coal determinations. The method of sacking 4 
part of the coal is one of the most convenient methods for determining 
the amount of coal used. Under this method all coal to be used should be 
weighed previous to the test upon scales known to be accurate. The greater 
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part of the coal, including that taken en route, may be placed in bulk upon 
the tender in the usual way. The remainder, say, 15 to 20 per cent, is to be 
placed in sacks containing 100 lb. each. The sacked coal should be used 
previous to the start of the test, after the close of the test, and preferably 
during the latter part of the test. It is desirable that all of the bulk coal be 
consumed during the test; if this is not done the remaining bulk coal must be 
earefully weighed back. 

35 To facilitate the work of the men who operate the indicators 
and read the instruments at the front end of the locomotive, and 
to protect them from wind and rain and the jolting of the locomotive, 
a suitable housing or pilot box should be provided which should 
extend back to the cylinders and should be securely fastened to the 
bumper beam. The floor of the pilot box must be above the level 
of the pistons in order to minimize the danger to the operators 
in case of such accidents as broken piston rods or broken cylinder 
heads. 

36 Steam used for auxiliary purposes other than in the cylinders 
such as air pumps, blower, calorimeter, injector overflow, train 
lighting and heating, and what escapes from the safety valves may 
be estimated from data obtained by testing such items of apparatus 
either before or after the trial and from records of the time of their 
operation or other pertinent data taken during the test. Test 
data regarding the use of steam for auxiliary purposes should always 
be taken with sufficient detail and completeness that errors arising 
from estimates of this kind will be small. If important auxiliary 
apparatus directly connected with the economical performance of 
the locomotive, such as the feedwater heater, is part of the loco- 
motive equipment, such auxiliary apparatus should be tested 
during the trial in accordance with the A.S.M.E. codes applicable 
to the particular auxiliary apparatus. 

37 The coal should be sampled at the time that it is weighed, 
in the manner provided for in Pars to 
on Fuels 
portance of proper fuel sampling. 


of the code section 
Too much emphasis ean hardly be placed upon the im- 
added to the 
coal after it has been weighed and sampled, a record of the 
water added should 
analyses and ealorifie determinations of the coal sample are to be 


In case water Is 
ap- 
proximate amount of be made. Chemical 
made in accordance with Pars. to of the code section on 
Fuels. The code for road tests does not provide for the collection 
of stack cinders, nor for sampling and analyzing ash or cinders. 
It is only under favorable circumstances that the ash can be col- 
lected with sufficient accuracy to warrant so doing. In case that 
provision is made for collecting ash and cinders and subsequent 
determinations are desired, the material collected should be sampled, 
analyzed, and have calorific determinations made in accordance 
with the instructions for similar determinations as presented in 


the code for laboratory tests. 


OPERATING CONDITIONS 


38 Determine what the main operating conditions are to be 
ind note the information and directions given in Par. 19 of the 
General Instructions. In conditions 
ire in general those pertaining to the regular service on the rail- 
oad. The same general considerations concerning uniformity of 

nditions will govern during road tests as for laboratory tests 


a road test the operating 


in so far as may be possible. The nature of the service performed 
will, however, preclude the possibility of uniformity in a number 
f conditions in respect to which practical uniformity can be main- 
uined in laboratory tests. Particular skill or other qualifications 
f the engineer and fireman may have an important bearing upon 
est performance, and conditions of this kind should be noted and 
general made matters of record. The sanding appliances of the 
motive should be in good condition and slipping of the engines 
vuld be avoided where possible. 
39 It is often desirable to take special readings of water levels 
nd total weight of coal fired at specified stopping and passing 
ints. Observations should be made throughout the trial of the 
me of passing mile posts or other designated points; the time 
the throttle valve is open or closed; the time of arriving at and 
iving each station; also the length of time the stoker, safety 
valve, blower, train-heating system, lighting system and other 
steam-using apparatus are in operation. A record should be made 
of the number of injector applications and the overflow water should 
be measured or estimated and allowed for. 
10 If during a run a stop of more than 5 minutes is made a de- 
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duction from the total amount of coal fired shall be made in de« 
termining the amount of coal used on the test. The amount of 
coal fired during such a stop should be determined as accurately as 
possible by firing the coal from a special supply such as sacked coal 
or by computing the number of scoopfuls of coal fired during the 
stop. In case the amount is determined by the number of scoop- 
fuls, an average weight of one scoopful of coal should be determined 
previous to the test for the fireman and for the particular scoop 
which is to be used. During stops the fire should be maintained 
In proper condition according to the requirements of the service 
and as far as possible so that there may be the same amount of 
unconsumed coal upon the grate at the end of the stop as 
was at the beginning of the stop 


there 
There should, preferably, be no 
water supplied to the boiler during stops, and a marked variation 
In boiler pressure should be avoided. If leakage or other condi- 
tions consume appreciable or readily measurable amounts of water 
during stops, allowance should be made therefor. For stops of 
less than 5 minutes’ duration no allowance will be made for the coal 
consumed during such stops, and in general no allowance need be 


made for 


steam used or lost unless such uses or losses are of con- 


siderable magnitude 


STARTING 


AND STOPPING 


11 Consult Pars. 16, 17, and 18 of the General Instructions. 
The fire having been thoroughly cleaned, built up from a clean 
grate, or from a properly banked fire, it should be brought to about 
the thickness that will be required for the run. When the loco- 
motive first starts with its train, observe the fire conditions, 


steam 
pressure, water levels, location, and time, and record the latter as 
the start of the test 

42 During the run the fire should be maintained as level and 
as uniform as practicable, and when the end of the run is reached 
the fire should have approximately the same quantity of unconsumed 
combustible upon the grate as at the start of the test. When the 
locomotive makes the final stop of the test with its train, the fire, 
if not already in the desired condition, should be quickly brought 
to approximately that condition in order to facilitate the deter- 
mination of the amount of coal burned. 

13 When the locomotive makes the final stop of the test with 
its train, simultaneous observations should be made upon steam 
water levels, location, and fire conditions, and the time 
recorded as the close of the test. 

44 In general, it is extremely desirable that the fire conditions be 
so maintained as to permit substantially the same amount of com- 
bustible upon the grate at the start and at the close of the test. 
xcept where fire conditions at start and close of test are known 


pressure, 


to vary greatly, no correction on this account should be applied 
In determining the amount of coal burned. The effort should be 
made to make the difference in unconsumed combustible on the 
grate, as between the start and close of the test, comparatively 
small, and to record fire conditions at these times with as great 
exactness as possible. Where a correction is applied on account 
of an important variation in fire conditions the final report should 
show the amount of such correction and the method by which it 
was determined. It is also, in general, desirable to close a test with 
the same or practically the same steam pressure and height, of 
water in the boiler as obtained at the start of the test. 

15 If the test is to include the complete run of the locomotive, in- 
cluding terminal operations, modifications concerning the handling 
of the fire, keeping the records, ete. will be required in order to pro- 
vide for suc h extension of the test pe riod. 


DURATION 


i The duration of a road test depends largely upon the length 
of the run and the service conditions. In general, for freight loco- 
motives a test should not be materially less with regard to time 
and service than is required in operating over an average freight 
division. Every effort should be made that errors arising from in- 
ability to accurately measure coal and water may not constitute an 
unduly large percentage of the total coal and water determined. 
The duration of the test or running time is the elapsed time after 
the locomotive first starts with the train until the train comes to 
rest at the designated stopping place, minus the time consumed in 
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stops. In fast passenger service the runs should be, if practicable, 
at least 100 miles long. 


RECORDS 


47 The data should be recorded in the general manner pointed 
out in Pars. 20 to 30 of the General Instructions, bearing in mind 
the fluctuating character of the load which often obtains, and 
that unusual precautions must often be taken to secure accurate 
information. Through suitable signaling or recording devices 
the taking of indicator diagrams or other observations such as 
steam pressure, lever positions, etc., made upon the locomotive 
may be recorded upon the dynamometer-car chart and coérdinated 
with the time, location, and drawbar-pull records. If the con- 
ditions of the proposed test give promise of substantial uniformity 
and the test is to be of many hours’ duration, observations should 
be made at 10-minute intervals, the drawbar-pull diagram marked 
at these times, and indicator diagrams taken. If the test is to be 
of short duration or the fluctuations of power or speed are ex- 
treme, shorter intervals should be used; or irregular intervals may 
be chosen such as will give data most representative of test con- 
ditions. 

48 Special attention must often be given to matters which will 
make accurate tonnage records possible, and provision must be made 
that special conditions concerning wind, weather, track and equip- 
ment conditions are adequately recorded. 

CALCULATION OF RESULTS 

49 The results should in general be calculated in accordance 
with the methods given in Pars. 19, 20 and 21 of the code for lab- 
oratory tests. The code for road tests does not call for all of the 
data called for by the code for laboratory tests and the same re- 
finement with regard to corrections is not always possible in con- 
nection with road-test data that may be desirable in connection 
with laboratory-test data. 

50 Item 17(a), Length of Run, equals the total distance over 
which the locomotive moved the train. This distance is preferably 
determined from an autographic record showing the distance 
traveled by the train. Such a record is ordinarily made in con- 
nection with the record of drawbar pull. If such a distance record 
is not obtained Item 17(a) should be identical with or determined 
from Item 22(c), Equivalent Length of Run. Item 17(a) is to be 
used in calculating Item (207), Number of Car-Miles, and Item 
20(7), Number of Ton-Miles. For definition of the terms ‘‘ton- 
miles” and “‘car-miles” see Par. — of the code section on Definitions 
and Values. 

51 Item 18, Duration of Test or Running Time, is the actual 
time between the start and stop of the test minus the time con- 
sumed in stops. Item 18 is to be used in all calculations leading 
to the expression of results of coal and steam consumption per hour, 
and individual determinations of i.hp. or d.hp. leading to average 
values for i.hp. and d.hp. are to be so selected that the average 
values will correspond to the time defined by Item 18. 

52 The average drawbar pull should be determined preferably 
from a continuous record of the drawbar pull. If an integrating 
device is not a part of the recording apparatus, the area of the 
dynamometer record should be measured by means of a planimeter 
and this area divided by the length of the record; or the height 
of the record should be measured directly at a sufficient number 
of points to give a fair average result. The code provides that 
the drawbar horsepower is to be calculated from the average draw- 
bar pull. Where it is found desirable to calculate drawbar horse- 
power for certain instants as at the time certain indicator diagrams 
are taken, the corresponding drawbar pull should be determined by 
direct measurement of the dynamometer record for the instant 
under consideration. The maximum drawbar pull should be 
measured as an average over a portion of the record which includes 
at least one revolution of the driving wheels. Items 50 and 51 
of the Road Test Code should be calculated in the same way as 
Items 50 and 51 of the Laboratory Test Code. “ These items so 
obtained, however, have a somewhat different significance from 
those obtained in laboratory tests. 

Fina Report 


53 The data and results should be reported in accordance with 
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the form (Table 2) given herewith. A profile of the route over 
which the test has been made, showing the principal grades, curves 
water stations, etc., should accompany the records of the test. 
Dynamometer records or selected portions thereof may also become 
a part of the final report. If records of the throttle and reverse- 
lever positions are not automatically obtained, it is usually desirable 
to obtain records showing the position of these levers at certain 
times during the test, and a report concerning such observations 
may become a part of the final report. Pars. 36 and 37 of the Gen- 
eral Instructions present information regarding the form and sub- 
stance of a final report. 


TABLE 2 DATA AND RESULTS OF ROAD TEST OF LOCOMOTIVE 


A.S.M.E. Code of 19— 


Note The first 16 items of this table are identical with the first 16 items in 
Table 1. When complete this table contains these 16 items 
Date, Duration, Erc. 
17) Date 
(a) Length of run miles 
1S) Duration of test (running time) he 
(a) Actual time between start and stop hr. 
(6) Number of stops ‘ 
(c) Time consumed in stops hr 
19) Coal, kind and size 
(a) Method of firing 
(6) Firebed, approximate thickness ir 
(20) Gross weight of train, excluding the locomotive tons 
(a) Number of cars ; 
(b) Number of axles in train behind tender 
c) Open-top cars 
(¢) Closed cars 
(e) Kind of cars (give in such detail as may be desirable 
(f) Loads.... 
(g) Empties 
(h) Average weight per ca tons 
(() Number of car-miles 


(j) Number of 100 ton-miles 
(21) Kind of service ‘ 

(a) Weather conditions 

(b) Wind conditions 

(c) Rail conditions 


SPEED 
(22) Revolutions of driving wheels per minute 
(a) Revolutions of driving wheels, total for running tims 
(b) Speed equivalent of r.p.m. miles per hour 
(c) Equivalent length of run miles 
(d) Piston speed ft. per min 
(¢ Maximum train speed miles per hour 
RorLeER PERFORMANCE 
Average Pressures, Temperatures, Etc.: 
23) Temperature of feedwater deg. fahr 
24) Temperature of steam in branch pipe deg. fahr 
(a) Outdoor temperature deg. fahr 
(25) Temperature in smokebox deg. fahr. 
(26) Boiler pressure, gage lb. per sq. in 
(a) Branch-pipe pressure lb. per sq. in. 
(27) Draft in smokebox, front of diaphragm in. of water 
(a) Draft in smokebox, back of diaphragm, below super- 
heat damper ; in. of water 
Heating Value and Analysis of Coal 
((28) Heating value per pound of coal as fired B.t.u 
(a) Heating value per pound of dry coal B.t.u 
(b) Heating value per pound of combustio! B.t.u 
Proximate Analysis of Coal as Fired: 
(c) Fixed carbon per cent 
(d) Volatile matter per cent 
(e) Moisture. per cent 
(f) Ash... per cent 
(g) Sulphur, determined separately per cent 
Analysis of Dry Smokebox Gases by Volume: 
(29) Carbon dioxide (COQz2) per cent 
Smoke ‘J 
(30) Percentage of smoke as observed . per cent 
Ash: 
(31) Total ash collected from ashpan.. on lt 
(a) Ash collected, per cent of total dry coal fired 
(b) Ash by analysis, total...... Te eee : l 
(c) Ash collected, per cent of ash by analysis 


> 


Continued on page 625 
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The Design of Segmental and Sector Counter- 
balance Weights 
To 


THR EpiITor: 


The following very convenient formulas for the design of loco- ~ R® cin 6 2 R? «in 8 2 on 6 (R® R 
a . i Silk Sith Siti ‘fi 1 
motive counterbalance weights of both the segmental and sector 3 3 ’ 
forms were devised by H. A. F. Campbell and Emery Walker, oi ; nt of A’ 1 al , 
: : ° , ( j oment of the oht o ; abo S 
the Baldwin Locomotive Works, and are here presented, together "©" Ue moment of the weight of A’ABRB’ about 0 i 
with their derivations, by Mr. Campbell’s kind permission. 9 
In Figs. 1 and 2 let - sin 6(R R>)t Wy 
r = crank radius in inches ' 
R outer radius of counterbalance in inches and 
R, inner radius of sector counterbalance in inches 
t thickness of counterbalance in inches R R MN 
Ty weight of a cubie inch of metal in counterbalance, in \ 2 sin Of 
pounds 
W weight at crank pin to be balanced, in pounds 
n number of spaces between spokes to be filled by sector 
counterbalance AY 
V number of spokes in wheel. / A) 
Referring to Fig. 1, let l length of are ACB subtending % 4 \ 
e angle AOB 24 radians. Then since ‘ a? 
¢ led 
- Gr i ¢ —r g |e R al 
area of sector OACB : —(2R)?::1:2eR v ’ | 
4 Ww Ww / 
B 
, , ‘ B 
: rl Rl if 26 
area of sector OACB - : R°6 B’ j 
2rR 2 2 
e distance of the centroid of the sector OACB from O is 
Fig. 1 Fig. 2 
2 sin @ ; 
R Fic. 1 SeGMENTAL-TyPp COUNTERBALANCE WE!GH1 
3 6 
, Fic. 2 Secror-Tyrpe CovuNnTERBALANCE WEIGHT 
nee the moment of its area about O is 
2 cing 2 Substituting for # radians its sexagesimal equivalent of 6°, then 
vo — R R°sin 6 since 
3 a] 3 
, 24 360 ) \ 
he area of the triangle OAB is 
2PR sin 6 R cos 6 A bs 4 360 or 6 ISO 
R* sin 6 cos @ 
) 
”~ ind 
| the distance of its centroid from O is 3H 
R R 9 
2 INO) fi 
, zi 
rt cos @ ~ sin 
3 N 
ce the moment of its area about O is In applying these formulas ¢ should be assumed. 
i. The writer disclaims all credit for the foregoing beyond that of 
R? sin 0 cos 0 X = R cos 6 = — R° sin 6 cos? 8 urranging the expressions and making the drawings. 
5) 3 Formula [1] can be applied to the design of the crescent type of 
difference of these moments is the moment of the area of the counterbalance weight by determining the length of the chord 
ment ABC about O, or 12 of a segmental counterbalance for the given values of W, r, ¢ 
. ind . and after selecting the radius of the inner are of the crescent 
9 ; , = SEN 
; in @ = R? sin 6  # — R3 sin 6 (1 eos @) counterbalance, by trial locating the center of this are so that it 
’ 3 will intersect the chord AB at such points that the area cut by the 
> 9/AR . 9 4B 1 irc from the segment at the central part of the chord will be ap- 
> R sin” 0 ”) ‘ 9 1B proximately equal to the sum of the areas added by the irc to 
4 3 y 4 o 12 : , 1 ' . 
segment at the extremities of the chord, thus maintaining the volu 
the moment of the weight of the segment about O is and weight of the counterbalance approximately constant 
1 While this procedure is of course not accurate, since it ignor 
12 LB Wi the alteration in position of the center of gravity of the counter- 
i balance due to the change of its inner contour, it is thought that it 
will be found useful for purposes of preliminary design. 
1B hat 1] Lc 
4 ) | 7 - 7 » DWARD ° OSii 
tu New York, N. Y. 
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Similarly in Fig. 2, the difference of the moments of the areas 
of the sectors OAB and OA’B’ about O is the moment of the area 
A’ ABB' about i, or 
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A.S.M.E. Boiler Code Committee Work 


HE Boiler Code Committee meets monthly for the purpose of consid- 

ering communications relative to the Boiler Code. Any one desir- 
ing information as to the application of the Code is requested to communi- 
cate with the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th 
St., New York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The 
interpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee. 
This interpretation is later submitted to the Council of the Society 
for approval, after which it is issued to the inquirer and simultan- 
eously published in MECHANICAL ENGINEERING. 

Below are given the interpretations of the Committee in Cases 
Nos. 391, 399 (reopened), 416, 419, 421 and 422, as formulated at 
the meeting of June 26, 1923, and approved by the Council. 

In accordance with the Committee’s practice, the names of in- 
quirers have been omitted. 


Case No. 391 


Inquiry: Permission is requested, under Par. 245, to operate 
water-tube boilers with the tubes secured to malleable iron headers 
at pressures greater than 200 lb. per sq. in. Also, attention is 
called to the fact that Par. 246b requires that the hydrostatic test 
be applied to all headers with tubes attached, whereas in certain 
cases it is not customary to attach the tubes until the boilers are 
erected in the field. 

Reply: It has been proposed to revise the requirements of the 
Boiler Code in regard to the pressure allowance on water-tube 
boilers when the tubes are secured in malleable iron headers, as 
follows 

“Par. 245—Change ‘200 lb.’ in the third line to ‘350 Ib.’ 

Par. 246a—Add the following to this section: 

The malleable iron used for headers of water-tube boilers 
shall conform to the Specifications for Malleable Castings 
given in Pars. 111-120 (the paragraphs to be changed to 
conform with latest A.S.T.M. Specification). 

Par. 246b6—Change ‘1500 lb.’ in the third line to ‘2250 lb.’ 

Change the last sentence to read: 

A hydrostatic test applied to all new headers or elements with 
tubes attached shall be 500 lb. per sq. in. when cast iron 
headers or elements are used, and two and one-half times 
the working pressure when malleable iron is used, although 
the minimum test pressure with malleable iron headers 
or elements shall be 500 Ib. per sq. in.”’ 


Case No. 399 (Reopened 


Inquiry: (a) Is any allowance permissible in the value of 7 in 
the formula in Par. 199 of the Code, for the combined thickness 
of the head and washer applied on the outside thereof under the 
nut of the through stay, when the washer is of large size and riveted 
to the head? 

(b) Is the same increase in the value of 7 in the formula in Par.199 
applicable when a doubling plate is riveted on the inside of the seg- 
ment of a head as if it were riveted on the outside of the segment? 

Reply: It is the opinion of the Committee: 

That the Code does not stipulate whether the doubling plate 
shall be placed on the inside or outside; it is optional, but the 
inside plate of your design is preferable; 

That the doubling plate must cover the entire segment and be 
riveted to the head in accordance with the requirements of 
the Code; 

That 75 per cent of the combined thickness of head and doubling 
plate shall be used in determining 7; 

That the value of C = 175 may be used for washers without 
doubling plate when stays are fitted with inside and outside 
nuts and outside washers, where the diameter of the washers 
is not less than 0.4p and the thickness not less than 7’; 

That C = 175 may be increased by 15 per cent when both wash- 
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ers and doubling plates are used, designed in accordance with 
the Code; 

That the Code does not provide any additional value for C on 
account of the washers being riveted to the plate. 


Case No. 416 


Inquiry: Information is requested as to the method of cal- 
culating, under the Rules in the Boiler Code, the required’ thick- 
ness of the bottom plate of the combustion chamber of a wet-back 
Scotch marine type of boiler when this bottom plate is curved 
upward or inward to the form of an arched surface between the 
points of attachment of the different furnaces and thus requires 
ho staying. 

Re ply: 

That there is no rule in the Code exactly covering the construction 
submitted; 

That the rule which has been followed from the General Rules 
and Regulations provided by the Board of Supervising In- 
spectors Steamboat-Inspection Service, Department of Com- 
merce, is not applicable to the design submitted: 

That the application of this rule to the case in hand does, how- 
ever, provide a safe construction. Par. 239a of the A.S.M.E. 
Boiler Code may be used, which is equivalent to the Board 
of Supery ising Inspectors’ rule above quoted; 

That a safer construction would be obtained if the arch curved 
plate were either stayed to the outer shell or reinforced; 

That it weuld be better construction to build boilers with sep- 


It is the opinion of the Committee: 


arate combustion chambers, with the bottoms so designed 
that they need not be stayed. 


Case No. 419 (In the hands of the Committee 


Case No. 421 
Inquiry: Is it permissible to electrically weld a_ boiler shell, 
particularly the longitudinal joint, if sufficiently reinforced with 
bands as shown in the blue print, so that no stress is carried by the 
welded joint? . 

Reply: It is the opinion of the Committee that a boiler so con- 
structed would not meet the Rules in the Code unless the bands 
are made strong enough to withstand the full boiler pressure with- 
out giving any credit to the holding power of the welded shell, 
and unless some other method than the autogenous welding shown 
in the blue print is used for attaching the heads to the shell (see 
Par. 186 of the Code). 

Case No. 422 

Inquiry: Will it be acceptable, under the Rules of the A.S.M.E. 
Boiler Code, to use angle-iron attachments for the heads to the 
shell of cylindrical boilers, instead of the American practice of 
flanging the heads, and also to bolt the furnace front sheet and 
the rear tube plate to the boiler heads instead of riveting? 

Reply: It is the opinion of the Committee that provided the 
design is in accordance with the requirements of the Code as to 
material, stresses, construction, workmanship, inspection, and 
stamping, the boiler so constructed would meet the requirements 
of the Code. 


Bending Stresses in Curved Tubes 
(Continued from page 582) 


As a second example consider the cross-section! represented in 
Fig. 2. In this case 

hy/he = 1; b/a = 0.785; A = 2640 
The connecting angles and the external parts of the horizontal 
plates have no appreciable influence on the distortion of the cross- 
section, therefore the moment of inertia of their cross-section is 
included in the moment of inertia iz. In this way 

% = 319 X 10%em.‘; % = 307 XK 10°cm.*; i2/i; = 0.96 

Substituting this in [5] gives 8 = 0.60.. It is seen that in this 
case the maximum stresses and the flexibility of the tube are 
1 : 0.60 = 1.67 times those given by Formulas [1] and [2]. 





1 Fairbairn crane described in Ernst’s Die Hebezeuge, vol. iv, p. 540. 
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The Control of Civil Aviation 


(Continued from page 576 


Some very interesting proposals for the carriage of mail to remote 
points, now served with difficulty, have been considered and within 
a few years air mails will undoubtedly be started. There is at 
present a United States Post Office contract for the conveyance of 
mails to a Canadian port to catch outgoing steamers bound for the 
Orient. This has worked out regularly and smoothly for two years 
now and is evidently giving satisfaction. 
American firm on the Pacific Coast. 


It is operated by an 
Their machines have been 
approved for the purpose of entering this country by the Controller 
of Civil Aviation 

In the event of any accident occurring the Department must be 
notified and an inquiry is held if considered necessary. Certificates 
of any class may be suspended at any time for cause by the Depart- 
ment, and this action is taken when the evidence before a court of 
inquiry points to negligence on the part of the holder. A return 
must be made to the Department annually, giving any particulars 
in regard to their operations which the Department may require 
This enables reliable statistics as to passengers and freight carried, 
hours flown, ete., to be compiled 

It will be seen from the foregoing that a system has been insti- 
tuted giving adequate control of the new 
without undue interference by the state. 


form of transportation 
\ word is necessary as to 
the enforcement of the regulations, the examination of machines 
and personnel, ete. The inspectors should in all eases be practical 
flying men with the requisite expenence and qualifications to under- 
take this class of work If others not so qualified are emploved, 
confidence cannot be maintained in the administration If, on the 
ther hand, the commercial firms feel that practical men, whose 
flying experience is beyond question, who understand their diffi- 
culties and problems, and who are personally interested in the de- 
velopment of flying, are charged with the administration of the regu- 
lations, confidence in the administration is easily gained and main- 
tained. Too great emphasis cannot be laid on the necessity of em- 
ploying the proper type of inspector. 


CONCLUSION 


Similar regulations have been passed by many countries and the 
experience of the past three years proves that the basis laid down 
in the International Convention for the control of aviation is sound 
Chere are, and will be many points on which differences arise owing 
tothe w idely varving conditions found in different parts of the world 
The International Commission has been instituted for the very 
purpose of their discussion and settlement, and provides a medium 
for the mutual exchange of opinions and the settlement of diver- 
gent views. The success, under practical working conditions, of 
the code adopted under the Convention is testimony to the fore- 
sight and practical imagination of its framers 

A word may be permitted in conclusion regarding the situation 
in the United States. Canada and the United States are so closely 
illied, our interests hold so much in common, and our intercourse 
s so intimate, that an agreement on international flying between 
the two countries is essential. As no legislation has been passed 
so far in the United States providing for the control of aviation, it 


1 
hy« 


ias not been possible to draw up a convention. The Canadian 
Government has, however, taken the necessary action in regard to 
the International Convention to permit such a convention being 
irranged, in that a derogation has been obtained in favor of the 
United States from Article 5 of the Convention, which limited our 
freedom of action in respect of non-contracting states. The govern- 
ment is also supporting an amendment to the same article to per- 
mit separate conventions with non-contracting states to be en- 
tered into. Canada admits all American machines on the same 
terms as if the United States had ratified the Convention. That 
is, we only insist that American machines entering and flying in 
Canada shall comply with the same regulations as our own. They 
are not, however, permitted to engage ip the carriage of goods or 
passengers between two Canadian points or other commercial work. 
\eronautical opinion in the states has expressed itself with the 
greatest emphasis on the desirability of passing legislation for the 
Federal control of aviation. This will be enacted without doubt 
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in the near future. Its necessity must be evident to all. The bills 
now before Congress show no divergence in essentials from the 
terms of the International Convention. Some international agree- 
ment is essential and whether or not the United States eventually 
become a party to the present Convention, it is earnestly hoped that 
the authorities charged with the control of aviation will take no 
step which will tend to create different standards of control through- 
out the world from those adopted in Canada and elsewhere 
Absolute uniformity is neither necessary nor desirable, but all will 
agree that a common basis for control and a common set of stand- 
ards will be of inestimable benefit and will greatly facilitate the 


growth and progress of commercial aviation 


Preferred- Number Series 


$ Serv fo General Machine Construction. Che 


these series may be 


numbers in 
used whenever possible in general machine 
construction and especially for details not yet standardized, with 


the purpose of bringing about an automatic standardization of 
such details 

It is clear that quite a number of these series belonging to the four 
fundamental groups should be alike \ certain connect hetween 
SOT of the series Ougnt to exist | rexampl t! ! ior! rmal 
diameters, group 3, ought to include all of the numb Ips 
1 and 4 which are employed for the selection of diameters. The 
series for lengths, group 2, could easily be unrelated to other 
groups 

Most of the existing standardizing bodies have devised dard 
series for diameters. The purpose of these series is to reduce the 
numibs r of gage for finished diameters to a minimum, but tl ire 
also applicable to rough diameters for the purpose of saving patter 

\ny standard series must evidently be devised so that it can bi 
followed under all circumstances, and at the same time so that as 
many numbers possible may be left out Thus far the series 


for normal diameters that have been worked out in different e 
tries are very similar. The general character of these series is that 
they contain all the whole numbers between 1 and 20, all numbers 


ending in 2, 4, 5, 6, 8, and O between 2 


)and 50, all numbers ending 
in 2, 5, 8, and O between 50 and 100, all numbers ending in 5 and 
0 between 100 and 200, and all numbers ending in 0 between 200 


and 500. In addition some of the series for normal diameters 


contain other numbers intended for special purposes. The Aus- 
trian, the Swiss, and the Swedish series contain the numbers 37 


mm. and 47 mm., to be used only in connection with ball bearings, 
these numbers being internationally employed as outside diameters 
ol ball bearings The diameters in the S. I. thread svstem are gen- 
erally inserted in the series, and some of these should be used only 
for this special purpose 

It has been stated above that the numbers between 20 and 50 
in the series for normal diameters end in 2, 4, 5, 6,8, and 0. This 
use of the intervals 1 and 2 makes the series seem somewhat irreg- 
ular. Further, the part of the series between 50 and 100 has the 
intervals 2 and 3. These irregularities, however, are unavoidable, 
due to the fact that our ordinary series of numbers is based on the 
number 10 and that we prefer to use numbers ending in 0 in the 
first place, secondly, numbers ending in 5, and thirdly, all even 
numbers. Evidently the series for normal diameters would hav« 
been more uniform and comprised fewer dimensions if the number 
S had been chosen as the base instead of 10. The author is of the 
impression that in this event the English inch system would have 
been changed by this time. As it is now, that system has a prac- 
tical advantage over the metric system in the fact that the number 
12 has a greater divisibility than the number 10 

There are many who argue that the number 12 should be em- 
ployed as the base, and recently in Germany a change of system has 
been discussed. However, any such change is’ inconceivable, 
and we shall have to make the best of the mistake our ancestors 
made when they selected the number 10, and put up with the result- 
ing larger number of normal diameters and uneven intervals in the 
standard series. And what is more, we shall have to deal with 
two different systems for measurements, the metric and the inch 
system, for an interminable period. 
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Editor and Teacher 


N AUGUST 29, 1923, Fred R. Low completed his thirty- 
~ fifth year as editor of Power. During this long period of 
continuous service, which has been marked by fine courage and 
broad vision, has come about the stupendous development and use 
of power which has made this country great. Fred Low has 
taught, encouraged, and analyzed, always good-naturedly, but with 
strength, and has built up a journal of unmistakable influence and 
value in an important field of mechanical engineering. A profession 
cannot be greater than its teachers, and Fred Low must be num- 
bered among the great teachers of the engineering profession. 

Fred Low’s ideals of service have been demonstrated by the 
conscientious manner in which he has performed his duties on 
many important committees of The American Society of Mechani- 
cal Engineers. His election to the presidency is a fitting recogni- 
tion of work well done and a presage of his activity in behalf of 
the Society for many years to come. 


The Earthquake in Japan 


[HE gripping feeling at the heart that came when the first 

news of the terrible catastrophe in Japan was received, has 
not been relaxed by the later and more accurate reports of casualties 
and property losses. The people of Japan have suffered and the 
help and sympathy of the world have been extended to them. 
The relief fund in the United States quickly rose to millions of 
dollars. 

The frequency of earthquakes in the Japanese islands has been 
emphasized by this event, and those of us living in more favored 
localities have been surprised to learn that throughout Japan 
earthquakes may average three a day. It is interesting to note, 
however, that man has partially succeeded in coping with their 
destructiveness and that buildings constructed by American 
engineers to withstand earthquakes in a large measure weathered 
the recent shocks safely. 

The reports of occurrences during the earthquake and its result- 
ing fire and pestilence, and the accounts of reconstruction efforts, 
testify to the courage of the Japanese people. Fortunately the 


major portion of the empire’s industry seems to be unharmed, and 
its industrial and engineering leaders face the situation calmly and 
bravely with the ample resources they possess of brains and money. 
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Uncle Sam A-Flying 
[\ THE last few weeks there have been several developments 
indicating in a weleome manner the remarkable progress that 
has taken place since the armistice by the flying branch of the 
American military establishment. 

The first flying tests of the Navy dirigible ZR-/ were carried out 
with apparent satisfaction. The new dirigible embodies not only) 
the aircraft lore acquired during the war by engineers of the German 
Zeppelin Company, one of whom acted as consulting engineer to 
the Navy, but also the vast amount of information, experimental 
and theoretical, in the hands of American authorities at McCook 
Field, the Bureau of Standards, the National Advisory Committee 
for Aeronautics, ete. Thus, for example, as was pointed out in 
the September issue of MECHANICAL ENGINEERING, the ZR-/ is 
the first dirigible in which the distribution of pressure over the 
surface of the hull is actually known and not merely guessed at. 

Another development in the same field was the maneuver carried 
out by the Army Air Service for the purpose of demonstrating that 
any point on the Atlantic seacoast from Maine to Florida could 
be furnished protection by aircraft within not more than seven 
hours. It is to the credit of the War Department that means 
were found to accomplish this end, notwithstanding the compara- 
tively meager appropriations granted to this branch of the Army 
since the armistice. 

The battleship-bombing tests off Virginia may not have been as 
spectacular as those of 1921 when the ex-German battleship Vest- 
friesland was sunk by a single bomb, but they serve as a further 
proof of steady advance in the development of this new form of 
warfare. In the recent tests attempts were made to hit the battle- 
ships Virginia and New Jersey from considerable altitudes, 10,000 
ft. down to 3000 ft., and while the percentage of hits was not high 
enough to arouse any special interest, the fact remains that both 
battleships were sunk with gratifying promptness. While the 
tests have not shown that the battleship is truly obsolete in view 
of the development of the bombing airplane, they have nevertheless 
shown that control of the air by an enemy may be, and probably 
already is, of the most vital adverse significance even to the most 
powerful surface-fleet units. In other words, the American tests 
may be considered as having established the fact that naval war- 
fare is already warfare in the air as much as it is on and under the 
surface of the sea. 

In an article which will appear in an early issue of MECHANICAI 
ENGINEERING some additional sidelights will be presented on the 
development of aerial warfare in connection with the growth of 
the Chemical Service. 


International Conference Promotes Standardiza- 
tion Procedures 


HE value of international contact in standardization matters 

was demonstrated in the second unofficial conference of repre- 
sentatives of various national standardizing bodies held at Zurich. 
Switzerland, July 3-6, 1923, at which there were representatives 
from thirteen countries, Austria, Belgium, Canada, Czechoslovakia, 
France, Germany, Great Britain, Holland, Italy, Norway, Sweden, 
Switzerland, and the United States. The conference discussed 
the possibilities of better intercommunication between the various 
national standardizing bodies, the interchange of reports, the or- 
ganization of international efforts, and the methods for the practical! 
utilization of standardization work. Messrs. Zollinger (Switzer- 
land) and Le Maistre (Great Britain) acted as president and vice- 
president, respectively. The American Engineering Standards 
Committee was represented by Dr. Paul G. Agnew and the Cana- 
dian Engineering Standards Association by C. J. Durley. 

The most important subject before the Conference was the inter- 
change of information on work in progress. 
unanimous in the view that the two principal phases of international 
coéperation are very distinct and should always be so treated, viz 
(1) Interchange of information, and (2) negotiations to bring about 
international agreement, i.e., international standardization. A 
free interchange of information can be of the utmost value to each 
country in its own work, saving multiplication of standardization 
and investigation, and paving the way for international agreement 


The Conference Wis 
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While the recommendation of the London Conference in 1921 
provided for quarterly interchange of information on the status of 
projects, these reports are limited to a mere statement of progress, 
and there has been no general understanding as to the interchange of 
drafts of standards and of information relating to them. 

After most careful consideration the following resolution was 
passed by the Conference: 


The Unofficial ¢ ‘onference of Secretaries, hav ing noted the impor- 
int progress already made in the interchange of information re- 
garding work in progress between the various national standardiz- 
ing bodies, requests each Secretary to submit to his organization 

1) The great desirability of making such information available, 
on request, to all the national bodies for use in their own work 
draft 


‘ 


2) The interchange of standards as and when submitted 


rr publie criticism 


It will be noted that the first recommendation contemplates 
terchange on request only, the opinion being that the amount of 
xpense and work involved in a complete scheme of interchange 
ikes such a plan impractical at the present time; hence the limita- 
tion of making the information available on request. 
The second recommendation has to do with the interchange of 
drafts of standards at the time they are published for public criti- 
sm There is every reason to believe that the various sponsors 
ill be glad to furnish a sufficient number of such copies for trans- 
ission to the foreign bodies. 
Difficulties have arisen in the translation of certain technical terms 
f importance in standardization work. It was agreed that when- 
er trouble is encountered with such words, agreement on the best 
wssible translations into English, French and German shall be 
reached by the secretariats in English-speaking, French-speaking 
nd German-speaking countries, respectively. In this the clearing- 
ise work is to be done for the present by the Swiss secretariat 
Mr These 
cisions will be circulated to all of the national bodies, the corre- 


since Zollinger was president of the Conference). 
onding terms in other languages being added by the respective 
retariats when they desire to do so. 
At the London Conference in 1921 it was the unanimous opinion 
it the time was not ripe for a formal international standardizing 
dy \s a result, it was informally agreed that, pending further 
‘perience, the experiment called ‘‘working centers,” should be 
tried. An example will make the meaning clear. The Belgian 
\ssociation being one of the bodies most interested in specifications 
r zine and zine ores, and having proposed international agreement 
the subject, it was agreed that the Belgian Secretary should as- 
ine the duties of a secretariat for this subject, as if he were the 
retary of an international body for the purpose, but in a much 
: formal way. 
lo carry on the work of the Conference it was decided to request 


e president of the Conference to proceed as if he were the executive , 


heer of a loose association. 
lhe Swiss Standards Association, acting as hosts, made very com- 
ete arrangements for the comfort and entertainment of their 
guests. Visits to a number of manufacturing establishments were 
ranged and at the conclusion of the conference a two-day tour was 
inged from Zurich to the Jungfraujoch. 


Blended Fuels 


REASING attention is being paid to the subject of blended 
fuels, partly because of the possibility that some blend may be 
eloped that will give increased power or engine efficiency, and 
rtly also to relieve the ever-present threat of gasoline shortages 
the future. 


\( 


Professor Smallwood’s investigation, published elsewhere in this 
ue, would seem to indicate, in general, that thus far the use of 
nded fuels has not led to any clear increase in the power developed 
the engine, nor has it apparently produced any appreciable in- 
ised mileage per gallon, except with a heavily carbonized motor. 
On the other hand, benzol is a smooth-burning fuel and when 
xed with gasoline, even in comparatively small quantities, tends 
suppress preignition knocks (“pinking’’). Benzol also gives a 
mewhat better motor operation, so that blended fuel would 
ppear to be worth perhaps two cents more per gallon than straight 


} 
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Tentative Program for First World Power 
Conference Is Announced 


() C. MERRILL, Secretary of the United States Federal Power 
* Commission, returned late in August from a meeting in London 
relative to the World Power Conference which is to be held in 
London during July, 1924. Mr. Merrill is general chairman for 
American participation in the conference to which over twenty 
American engineering, technical, and industrial 
have indicated already that they will contribute. 
The objects of the World Power Conference will be to consider 
how the industrial and scientific sources of power may be adjusted 
nationally and internationally. Those arranging the conference 
propose to achieve this purpose as follows 


organizations 


1 By considering the potential resources of each country in 
hvdroelectric power, oil, and minerals; 

- By comparing experiences in the development of scientific 
agriculture, irrigation, and transportation by land, water, and air; 
3 By conferences of civil, electrical, mechanical, marine, and 
mining engineers, technical experts, and 


and industrial research: 


authorities on scientifie 

4 By consultations of the consumers of power and the manu fac- 
turers of the instruments of production; 

5 By conferences on technical education to review the educa- 
tional methods in different countries, and to consider means by 
which existing facilities may be improved; 

6 By discussions on the financial and economic aspects of indus- 
try, nationally and internationally; and 

7 By conferences on the possibility of establishing a Permanent 
World Bureau for the collection of data, the preparation of inven- 


tories of the world’s resources, and 


and the exchange of industrial 
scientific information through appointed representatives in_ the 
Various countries 

The tentative program which was agreed upon at the London 
conference has been announced. All the papers to be presented 
will be printed and distributed in advance so that the entire time 
of the delegates at the meetings may be devoted to discussion It 
is planned to feature a concise statement of the existing power 
situation in each country and to discuss conditions under which 
capital of one country can be invested in utility enterprises of 
another. A decided effort will be made to make the conference 
especially helpful to the professional engineer. 

The conference will be conducted under five divisions, namely, 
power power production, power distribution, power 
utilization, and general. 


resources, 
will 
be of interest to the whole conference and will comprise for each 


The first division, that on resources, 


country a general survey of national power resources, developed and 
undeveloped; investigation of national power resources; power 
resources available and utilized; administration of power resources; 
and electrical power markets 

The sections under the second division deal with water-power 
production, preparation of fuels, steam-power production, internal- 
combustion engines, and power from other sources, such as wind 
power. 

The division of power transmission and distribution will cover 
alternating-current and distribution, 
direct-current generation, transmission and 
low-voltage distribution and electrical storage. 


transmission high-voltaze 


distribution, and 
There are to be four sections on the utilization of power, Le 
power in industry and domestic use, power in electrochemistry and 
electrometallurgy, power for transport, and power for lighting and 
illumination 

The general division comprises a number of subjects which are 
likely to be of primary interest at the conference but do not readily 
lend themselves to classification in the other divisions. In many 
cases they are merely special aspects of subjects in the other 
divisions. One section will deal with financial, and 
legal matters, and the other include such items as research, standard- 


economic, 


ization, education, health, publicity, international codperation, 
and permanent organization. 

The executive committee for American participation includes 
representatives of government departments, the four national 
engineering societies, and other engineering organizations. 
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Constructive Reforestation Legislation Imperative 


[N A STATEMENT prepared for the guidance of the member so- 

cieties of the Federated American Engineering Societies, 
Colonel William B. Greeley, Chief of the United States Bureau of 
Forestry, warns that the predicted timber famine has already 
overtaken the eastern and central sections of this country. His 
summary of the situation is, in part, as follows: 


Originally the United States contained five trillion board feet of stumpage; 
now, only one trillion, six hundred billion feet of virgin timber and six 
hundred billion feet of culled and second growth remain. Timber is being 
cut or destroyed at the rate of sixty billion board feet per year. Soft wood is 
being cut eight times as fast as it is being replaced, and hard wood three times 
asfast. Seventy-five per cent of all timber being cut is not being replaced. 

Transportation is the key to lumber supply. Removal of the timber sup- 
ply from points of consumption because of transportation charges has 
created retail prices so high that many demands for lumber cannot be satis- 
fied. Twenty-eight states produce less lumber than they consume. In 
the space of seven years the average lumber haul between sawmill and con- 
sumer has increased 34 per cent. 

There is probably not a single wood-fabricating industry east of the 
Mississippi and Northern Ohio and Potomac Rivers which does not today 
use wood distinctly inferior in intrinsic quality to that used twenty years ago. 
There is necessity now for teaching a vastly needed lesson of economy and 
of adopting new woods to old uses. 

Grading of lumber must cease to be a matter of custom and become a mat- 
ter of science. The consuming public must be furnished with exact knowl- 
edge of quality and forms of service forest pre ducts can render. The United 
States consumes about two-fifths of the forest products manufactured in the 
world. 

Our per capita consumption of paper and other materials made from wood 
fiber has increased from 30 to 149 pounds in forty years. It about doubles 
that of England, the nearest competitor. National habits in the use of wood 
will have to be changed; the question is how much social and economic suffer- 
ing will this change involve and what can be done to alleviate it. 
capita consumption in other countries is increasing, not decreasing. 
demands in the United States are not going to decrease. 

Ninety-eight per cent of rural dwellings in the United States are made of 
lumber. One of the crying needs in some agricultural sections is for better 
homes and the higher living standards which depend largely upon better 
homes. 

The manifest requirements of the situation are: 


The per 
The 


First, make the timber we have go as far as it will through reducing waste 
and improving the efficiency of its use. 

Second, make progress as rapidly as possible toward a permanent and sus- 
taining supply of timber by increasing the growth in woodlands and by put- 
ting idle acres to work growing trees. 

To sum up, the economic and social losses involved and the rapid depletion 
of the forests of the United States are so large and far-reaching as to challenge 
the attention of our most profound thinkers, to the end that there may be a 
more comprehensive plan for the elimination of waste in the growth and 
utilization of forest products and for reforestation. 


In a letter from Charles H. McDowell, chairman of the Re- 
forestation Committee of the F.A.E.S., the purpose of this com- 
mittee is stated as being to direct the attention of engineers in par- 
ticular and the public in general to the present serious situation 
due to national and state delay in passing constructive, workable 
and non-political laws for afforestation and reforestation, and to 
interest them in securing prompt legislative action. 

In reviewing the present status of affairs, Mr. McDowell says 
further: 


Lands suitable for the growing of forest products are owned by govern- 
ments, corporations and individuals. Timber is a slow-growing crop, and 
the carrying charge of government-owned forests is a small one. This is not 
true of privately owned replanted cutovers or other forest lands. Interest 
charges on land values over the many years of tree development is a large 
item of cost. When taxes and interest on taxes over this period are added, 
there is no encouragement for new tree planting by companies or individuals. 
Many European countries assess only a nominal tax on growing forests and 
wood lots, but collect a tax from the income as these forest products are 
marketed. In many cases they require replacing of trees cut. 

The tax load prevents aggressive forest planting both by companies and 
by individuals. Laws properly framed to protect the public but granting 
substantial tax exemptions on growing timber will go far in encouraging new 
tree planting. 

There are many forest questions and policies which engineers can well 
study and report on, as for example, the policy of further acquisition of 
forests by federal, state and local governments and their method of coéper- 
ation with private owners of timber tracts that head waters may be protected, 
erosion minimized, fire patrols extended, and drainage controlled. Forestry 
schools should be encouraged by adequate appropriations so that the 
production of men skilled in handling the problems of reforestation would 
meet the needs. 

Better care of forests, less wasteful exploitation, a fuller utilization of forest 
raw materials, timber preservation, minimizing of fire and tree-pest losses, 
are of vital interest to engineers and to the public. 
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The personnel of the F.A.E.S. Reforestation Committee is as 
follows: Hugh K. Moore, technical director, Brown Co., Berlin, 
N. H.; Dr. C. E. Paul, Armour Institute of Technology, Chicago, 
Ill.; C. G. Adsit, 555 Electric and Gas Building, Atlanta, Ga.; 
J. C. Ralston, 2421 W. Mission St., Spokane, Wash.; George A. 
Reed, State Engineer, Montpelier, Vt.; Theodore W. Norcross, 
U.S. Forest Service, Washington, D. C.; Dr. Raphael Zon, U. 8. 
Forest Service, Washington, D. C., C. H. 
209 W. Jackson Boulevard, Chicago, Ill. 


McDowell, Chairman, 


Coal-Storage Survey Nears Completion 


\ EMBERS of the F.A.E.S. Committee on Coal Storage met 
- in Chicago on August 27 and 28 to collate reports on dif- 
ferent phases of the work which they have been carrying on during 
the summer. 

The loss due to weathering has frequently been given as an 
argument against coal storage. Dean 8. W. Parr of the University 
of Illinois, a leading authority on the chemistry of coal, gave facts 
proving that coal suffers only a slight deterioration in calorific 
value by exposure to air. Twelve years’ experience with coal 
storage at Urbana has shown him that even the most volatile of 
central I!linois bituminous coal can be stored with but little loss, 
if proper methods are employed. 

Methods in dock and pier storage, other than ‘‘head-of-the-lake”’ 
storage, were described by O. P. Hood, chief engineer of the United 
States Bureau of Mines. His included a report on 
storage by the Federal Government, with specific references to 
the Army and Navy and the Panama Canal. 

A report on Duluth and Superior storage, where the greatest 
and most efficient storage plants in the world are located, was 
made by W. H. Hoyt, chief engineer of the Duluth, Missabe & 
Western Railway. Many recommendations of the committee 
will be based upon methods employed at these plants, which during 
the last coal year stored approximately 12,000,000 tons of bitumi- 
nous and 1,500,000 tons of anthracite coal. 

Among other special reports presented were the following: 
Mine Storage Location, by W. J. Jenkins, vice-president of the 
Consolidated Coal Company, St. Louis; Economical Use of Stored 
Coal, by David Moffat Myers, consulting engineer, New York 
City; Development of Storage Possibilities in Chicago, by E. S. 
Nethercut, secretary of the Western Society of Engineers, Chicago; 
Anthracite Storage, by R. V. Norris, consulting engineer, Wilkes- 
barre, Pa.; and Items of Transportation, by Roy V. Wright, editor 
of Railway Age. 


statement 


The coal-storage survey represents one of the biggest concerted 
efforts of engineers that has ever been made in this country. Over 
a hundred sub-committees were formed for making local studies 
in cities in every state in the Union. These committees, consisting 
for the most part of five members each, are composed of leading 
local engineers representing national and local engineering societies 
and the various branches of the engineering profession. Operators, 
railway officials, and distributors have coéperated with the engi- 
neers, enabling them to assemble detailed information on the pro 
duction, distribution, marketing, and consumption of coal. S« 
far as possible the work of the local committees has been systema 
tized by the use of a standard outline for their procedure and 
questionnaire for the solicitation of information from different 
industries. 

Dean P. F. Walker, field executive of the committee, who ha 
been in close contact with the work of these sub-committees i 
many of the principal industrial centers of the United States 
reported widely varying conditions, necessitating in many cast 
individual study and processes for the solution of the problen 
Dean Walker advocated the establishment of large coke plant 
in industrial centers which would provide a substitute for anthracit« 
and also supply cheaper gas for such communities. This plan would 
greatly facilitate storage, since coke is safe from spontaneou 
combustion, and would be of great value to the small consumer 
especially the domestic consumer. 

Before completing the survey another meeting of the committe: 
will be held, probably in Washington. It is expected that al 
material for the report will be ready by December 1, and that the 
report will be released for publication early in 1924. 
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Phases of Industrial Management 


Problems Confronting Executives in the Carrying On of Constructive and Productive Operations 


The Qualifications of a Manager 


HE following twelve brief articles are extracts from papers 
T presented at meetings of Local Sections of the A.S.M.E. 

held throughout the country during Management Week, 
October 16 to 21, 1922. They may be divided into three general 
groups, the first taking up the problems that confront an executive 
in the carrying on of constructive and productive operations, 
neluding the side of management having to do with human re- 
lations; the second dealing with the qualifications of a manager 
ind requisites for success in management work; while the third 
concerns itself with the business and financial side of management 


Problems That Confront an Executive 
FUNDAMENTALS AN EXECUTIVE Must ConsiDER! 


N ENTERPRISE divides itself broadly into the following 
heads 
1 Engineering, in which is initiated the idea underlying the 
product. the scheme of the produc t itself, and the methods of making 
2 Production, which deals with the actual work, the machines, 
nd processes capable of turning out the product multiplied many 
es. Into this begins to enter the element of cost, for it must 


considered not only how the production can be turned out, 

it how che aply. 

3 Sales. When the product is made, how can it be sold? 
Phis problem, which used to be left not so very long ago to the 
haphazard dealings of the loudmouthed, free-mixing salesman, 
Modern 


rchandizing methods are not always founded on so iability, 


now rapidly becoming a question of scientific research 


they are founded on a close study of the needs of the com- 
nity, and the problems of distribution are very many and very 
serious, 


Labor Pro it lems 


Curiously, these have become in the last 
years totally distinct from production problems. We are 
beginning to realize more than ever that we have a duty to 
rv. The old patriarchal idea which Carlyle writes about, and 
which obtained approximately during the middle of the last cen- 
tury, was that the workmen were children and the employer was a 
evolent father who looked after them and provided them with 
wherewithal; the children, however, had to do as they were 
Nowadays labor is demanding a partnership. The dis- 
( nis one that will go on for some years vet, but labor has to 
ealt with each day on a newer plane 
Costs and Accounting. This isno mean problem: How shall 
pportion our overheads? What does it cost to get the business? 
What does it cost to do the business? Are we getting enough for 
roduct? How little can we take the business at and make 
fit? And if we exceed that little, can we get the business? 
Finance. This problem deals with the raising of the necessary 
to start the business, to purchase the necessary workshop, 
cessary tools, equipment, ete., to pay for the necessary help, 
er-pressing problem of the next payroll, the question of having 
aid promptly, and of receiving money promptly 
se are the six main problems that confront the present execu- 
Perhaps his biggest problem is to choose lieutenants who 
perate in each of those divisions successfully, satisfactorily, 
rn g him of the responsibility to a large extent, and yet being 
advle to keep him in touch with what goes on so that he can cor- 
their various activities and build up what is known as an 
ganization. An organization is the human machine which 
through a process of time has demonstrated its ability to function 
smoothly and efficiently. The men forming the organization, 
While working as units, dovetail into one another harmoniously 
it without conscious effort they understand not only their 
own position but their position relative to the whole organization. 


ee 
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i ‘John Younger, Mem. A.S.M.E., in a talk to students of Ohio State 
University. 


The Financial and Business Side of Management 


Do I need to tell you that in each of these activities there are 
all kinds of details into which at times the manager is called upon 
to go? He must act many times as a judge, weighing evidence 
this way or that way, giving decisions which, like a judge, he must 
live up to in order to be respected, and in all ways try to be fair. 
It is unnecessary for him to have an intimate knowledge of each 
of those subjects, but he should have sufficient knowledge to be 
able to understand the problems of each department and to be able 
to reason intelligently with them to discuss them and to give 
decisions It is necessary, therefore, for him to have a knowledge 
of what might be called the “fundamentals” of this work 


CARRYING ON CONSTRUCTIVE AND PRODUCTIVE OPERATIONS? 


N THE BUILDING of the constructive organization we have 

the problems of selecting the men, the problems ol assembling 
and handling the materials, and the problems ol determining 
definitely and conclusively whats to be accomplished 

We are concerned with a plant in any particular industry, its 
arrangement, the character of its equipment, the sequence, or order, 
of departmental operations, the arrangement of departments as 
related one to the other, the capacity of departments as related 
one to the other, and the location of the plant and its facilities 
for handling materials to and from the plant. 

In the constructive as well as the productive organization we 
have to select the men best suited to each job and so arrange them 
that the product of one man’s labor fits in with that of another, 
to the end that the best results from labor are obtained 

The arrangement of these men involves careful studv with re- 
spect to grouping the men with their foremen or directing heads 
in charge of them The making of the product has to be properly 
supervised and the work properly directed from day to day from 
the highest directing officer down to the lowest foreman in the 
organization 

Krom these necessities in connection with constructive and 
productive organizations, we can at once see that the management 
has three distinct functions to perform: It must first analyze 
the work it has undertaken to accomplish. It must then organize 
to carry it out, and must continue to direct and supervise the 
organization when built. We therefore have three functions of 
management—to analyze, to organize, and to direct 

Analysis of constructive and productive work is a most im- 
portant function of management. The scheme of any ndustry 
as a whole must be taken apart and reduced to its simplest terms 
We must determine definitely what we wish to do, what is to be 
accomplished, what is to be produced. Such analysis usually takes 
the form of putting on paper plans of the plant, showing in a general 
way the location of the necessary equipment, the arrangement of 
the plant, railroad tracks, and whatever other facilities may be 
needed in connection with it 

Having arrived at the point where analysis has enabled us 
to reach a definite decision in the matter of plans, we are now con- 
cerned in the organization to carry our plans through 

The building of an organization requires as much thought and 
as much time and study as does the planning; and, if neglected, 
may lead to excessive costs 

The directing head of an industry properly exercises full and 
complete control over all men in the organization, the results of 
whose activities he is responsible for. He has his assistants re- 
porting directly to him and he issues his instruction through 
them. These assistants in turn direct superintendents in charge 
of departments, and superintendents report directly back to the 
assistants 

A superintendent of a department has his various general and 
sub-foremen. He properly issues his instructions to his general 
foremen and they in turn report directly to him, and the general 


2H. C. Ryding, Mem. A.S.M.E., in a paper read at a joint meeting of 
Electrical, Mechanical, and Civil Engineers in Birmingham, Ala. 


617 









































































618 


foremen in turn issue their instructions to the sub-foremen, and the 
sub-foremen report directly to the general foremen. 

An organization, therefore, is made up of a directing head, the 
assistants to a directing head, the superintendents reporting to an 
assistant directing head, general foremen reporting to a super- 
intendent, and sub-foremen reporting to a general foreman. 

The plan of this organization follows very closely the basis of 
a first-class military organization, and its procedure is also prac- 
tically the same. 

In the matter of instructions, no superior officer can afford to 
give a workman instructions other than through his foreman or 
superintendent. If he should do so, he relieves the foreman or 
superintendent, in whose department the workman is engaged, of 
all responsibility for carrying out the instructions given by him to 
the men. There is nothing that destroys discipline in an organi- 
zation so quickly; and, as I have often said in discussing this subject 
with men interested in the question of organization, any fool can 
come in and break up an organization, whereas it takes a real 
man to build one up and maintain it properly. 

In the maintenance of an organization, and presupposing that 
the best has been done to select men best fitted for the jobs, it is 
important that a well-defined scheme of promotion be established 
and understood, in a general way at least, by all subordinate 
officers. There is nothing that so encourages a man to do his best 
for you as to know that his efforts will be appreciated, and that 
appreciation is best shown by promotion when the opportunity 
offers. 

A fair scale of wages is also a fundamental, and must at all times 
be thoroughly understood by all directing heads in any industrial 
organization. 

Accuracy in timekeeping, accuracy in maintaining the individual 
rates in a wage schedule, is work of the highest importance and 
should properly be done at all times by men familiar with this 
particular class of work. 

The pocketbook of the workman is his tenderest spot, and any 
touch there is very quickly responded to. 

In directing the activities of an industry, simple and complex 
questions arise daily. Such questions may involve treatment of 
men, promotion of men, dissatisfaction on the part of an employee, 
and many others concerning the rate of operation or the inefficiency 
of perhaps a certain individual and inability of a department to 
turn out the product that it should turn out, and react unfavorably 
upon other departments. 

All such questions must be carefully considered by the directing 
head of the activities of an industry. He should properly analyze 
the difficulties and when a conclusion is reached his instructions, 
in so far as it is possible, should be conclusive. I have often thought 
that inconclusiveness on the part of directing heads is one of the 
faults to which we do not give enough attention. Time is saved 
not only by the directing head but by the workmen when positive 
and conclusive instructions are given by the directing head. 

If a matter can be settled at once, it is better to do so than to 
let it lie over, say, a couple of days before giving your answer. 


MANAGEMENT AND THE HUMAN Factor 


Wwiat in brief has management to do? Successful manage- 
ment must satisfy the public, capital, and labor. 
The Public desires five things in industry: 
| Stability 
2 Adequate goods and services 
3 Competent leadership 
t Some control in emergencies 
5 Progress. 
Capital desires the same five things in terms of: 
1 Security of investment 
2 Adequate production 
3 Good management 
$4 Sufficient control of conditions affecting the risk 
5 Expansion. 
Labor's desires are very similar to the above, and obviously 
can only be obtained if the results desired by the public and capital 
are forthcoming. They are: 


3 John Calder, Mem. A.S.M.E., in a paper read at a meeting of the 


Chicago Local Section. 
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1 Steady employment 

2 Adequate real wages 

3 <A good foreman 
4 Individual and collective voice about conditions 
5 A chance to rise. 

If coéperation is possible, is the attainment of it probable? We 
believe that a large measure of benefit to the public and capital 
will accrue through seeing that the worker obtains in a satisfactory 
measure the five things just mentioned, and that he does so through 
democratic We do not that these ends are 
inconsistent with those of the public and capital, for the latter 
at its best is just enlightened management, and with its industrial 
engineers it must answer satisfactorily this question: How are 
the masses of men and women, both without and with capital, to 
be taught to labor with their hands and brains willingly and effi- 
ciently that they may secure out of the products of their toil and 
their thought what they feel to be, and what will be in fact, a fair 
return? 

Adequate incentive in professional opportunity and salary, and 
sometimes a possibility of a share in profit, must be forthcoming 
to secure the full services of the best ability both of direction and 
technique. Assumptions that the wheels of industrial 
ean revolve solely under altruistic and ‘ 
are vain. Such reformers should 
human nature. 

In the case of the wage earner, to remove the nightmare of un- 
employment from the workman’s pillow; to carry any necessary 
surplus of labor of an industry at that industry's expense; to pay 
the highest possible wages; to improve the economic machine to 
that end; to lead, not drive, men by adequately trained and sym- 
pathetic executives who will command their respect and esteem; 
to provide for self-expression on all of the worker's interests and 
to keep the way open for his education and advancement and 
responsible participation; are measures both just and necessary 
and should be the basis of all industrial relations in coéperative 
industry. 

The Psychology of the Situation. The nature of the 
between capital and labor as a whole at any time is determined 
by the quality of the relations between the individual employers 
and their wage earners. It is largely dependent upon their feeling~ 
about other—is conditioned by a state of mind which arise 
out of the declared objectives of these two groups of human beings 


processes. believe 


direction 
‘other-regarding”’ motives 
first of all 


concentrate upon 


relations 


each 


and out of the moral and economic qualities of their intentions 
and conduct toward each other and toward society at large. Thi: 
conclusion is the settled conviction of those who have come t 
know the workers and who spend their days in responsible direct ior 
of industry. 

The Information Needed. Any helpful study must be more thar 
descriptive. It must be practical and suggestive. It must not 
only uncover error, correct misunderstanding, and expose t! 
vulnerable joints in our social armor—there are some people doit 
the latter without understanding and some with unhelpful i 
tentions today—but it must reveal their true and, 
possible, it must substitute constructive relacions around comm 
objectives. 

It must analyze and measure—at least approximately—the fe« 
ings and conduct of labor and capital about all matters arising ou! 
of the employment relation. Unless this is done, unqualified 
statements on the subject, which are too common, lead to genet 
izations and assumptions about it which are not warranted, and (0 
programs which give little help in the premises. 

The Instruments of Capital. As we have seen, to make go 
plentiful and men dear is calculated to satisfy the desires of | 
public, capital, and labor. In setting forth in some detail | 
management can best codperate to this end and in the plant, t 
consideration of what capital should provide for this purpose !s 
first in order. Adequate production under capitalism invol 
suitable means, material, and men, in well-balanced coérdinat 
with skillful direction, and operating under the conditions 
incentives which secure a happy response from all concerned 
the endeavor. 

Workers are quick to sense the absence or existence of bra 
helpful provisions in equipment, system, and management 
making the dav’s work expeditious, fruitful, and less fatiguing 


causes 
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The Key Position of the Foreman. Assuming the existence of 
a good plant, the assistance of good planning for production, 
job analysis, time study, and all research essential to discovering 
the best about what can be done, where it can be done, how it can 
be done and by whom, we may ask what more in the premises 
management can do about organizing production among its own 
human factors. 

The answer is that the moral, mental, and technical abilities 
of the non-commissioned officers of industry——the foremen, the 
men in front, the men next to the men who “deliver the goods”’ 
should receive especial attention. In fact, too much emphasis 
can hardly be laid upon the necessity for raising the quality and 
performance of all supervision. Capitalism, however enlightened 
ind progressive in intention and policy, must multiply itself through 
ts minor executives who make the actual contacts with the em- 
ployees. There is no other way, and there is no short cut even by 
his Way 

Usually with fair technical competence, though often none too 
much, foremen—so far as being selected for executive ability is 
frequently “just happen,” and when the date of the 
secession of the weaker ones to such a position is somewhat ancient 
ind nothing has been done meantime to qualify them psycholog- 

ily and in a humanitarian way for the job, the employer has 
wished upon” himself, usually permanently, the incubus of the 
modern plant, namely, the “hard-boiled” executive. He is not 
lwavs a foreman. The higher up he is the more harm he can do 

id the harder he is to reform. Too great stress cannot be laid 
ipon the selection of executives and true measurement of their 

ialities and reasonable measures for developing their abilities 
In the writer’s belief this is much neglected in the case of the 

mediate supervisors of the workmen. 

There are three principal ways of developing the foremen other- 
wise than as a technician: 


meerned 


1 Foremen training for production, with stress upon handling 
the human factors 
2 Foremen training 


relations policy 


as interpreters of capital’s industrial- 


3 Foremen training as management representatives in 


councils 


Qualifications of a Manager—Requisites for Suc- 
cess In Management Work 


CHARACTERISTICS OF THE SUCCESSFUL MANAGER! 


THE first of the qualifications which a successful manager should 
ve is personality, three qualities of which are to be stressed, 
namely, (1) authority which springs naturally from a thorough 
knowledge of the jobs obtained through education, (2) physical 
! ental ambition and enthusiasm, and (3) affirmative assertive- 
lhe second characteristic is the ability to judge men and their 
dual capacities 

| through 
problems. 
Fourth, 


The third is patience and sympathy ex- 
a willingness to receive employees and discuss 


the successful manager must be analytic and synthetic, 
he ability to thoroughly analyze and organize his business 
oper functions and departments. It is to be emphasized 
e business must be organized on a progressive promotional 

that each employee can see that by meeting certain stand- 
pportunity for promotion is ever present. 


; 


This involves 
training program so that every employee may grow in 

mn to the time he remains with the organization. 

xt qualification is the ability to create an esprit de corp 

entire organization. One factor in effecting coéperation is 


hg ol 


some interest in employees other than a purely factory 


ss interest. This can be done by means of a_ welfare 


t characteristic—and a very important one— is sincerity, 
Which failure is imminent. The manager is the soure: 
ich the organization draws its ideals. 

*W.W. McLaureine, Professor Industrial Education, Georgia School of 


, In a paper read before the Atlanta Local Section 
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REQUISITES FOR Success IN MANAGEMENT WorK 


M* OBSERVATION and when I am telling vou 
- this it may be an unkind truth, but I am speaking of 1 
intimate knowledge of men as a class, though there are exception 
of course, to every rule 


tells me 


the average engineer lacks aggressiveness 
he lacks in contact with the business world; he lacks positiveness 
This lack, I 
imagine, comes of his burning the midnight oil and his concentration 
of thought upon the greater things of engineering. I have seen 
engineers come before executive officers, filled with the best 

ideas, with splendid thought and intent upon problems that thes 
desire to have the management solve forthem, who melt away and dis- 
appear because of the cross-questioning and the inquisitive minds © 
the men in charge of the organizations who must know for themsel ve- 
exactly what is in those engineers’ minds. 


and the ability to face the man of aggressiveness. 


There is not generall 
a comprehension in t.e mind of the engineer of the soundness 

his own doctrine. He is not certain of himself. Management 
is nothing more nor less than certainty, absolute determinatio. 
and absolute knowledge and discrimination 


intuitive, perhaps 
of right or wrong. 


The man occupying an executive position must 
be one who can s iv yes or no to problems submitted to him without 
wavering or without showing any uncertainty. If he is dealing 
with engineering problems he must of necessity have an intimate 
knowledge of such problems; not, however, to the extent of being 
able to work them out but having an understanding of them, o1 
else he should not occupy 


with 


a position that brings him into contact 
lack of aggressiveness and of 
positiveness engineers do not as a rule rise to those positions where 
they can command others 


2 


engineers, Jecause of the 


} 


Management consists in securing and retaining the love amd 
affection of the men in the organization and their trustfulness in 
those superior to them. And yet there is no 
real organization or in a company properly managed 
on a level. Of course, 


superiority in a 
All in it are 
some one man must at some time or othe! 
give the deciding voice on problems or policies, but when it com« 


I know 
whereof I speak, and some of my men here will confirm everything 
I say—they are taken into the confidences of the man who for the 


to the particular duty of each part of the organization 


time being has a higher position, and they are listened to; they ar 
allowed their voice, and very often allowed to make the decision 
in matters of And above all, the thing that makes 
for suecessful management and successful organization is the trust 


importance 


that is reposed in those in power by the men below them in the line 
There must be no jealousy or no feeling in the mind of any one of 
the men that some one else in the organization is getting the better 
of a position or a situation, or 

] 


mealouUusy) 


preferment in any way; and if 
ind substitute loyalty, you have in my 
judgment a perfect organization, and perfect management. 


you throw out 


Now, I am going to suggest to vou engineers here tonight that 
if you expect to succeed in management, 1 you expect to get out 
of the groove in your chosen profession, if you are ambitious to 
rise to the top so that you may control men and things and e. 


you must throw off 


ents 
the restraint that holds vou 1n Its gras} Yi ! 


} 


must be ready and able to 


In with those who doubt 


argue the questions that you believ 
them. You must be ready to receive 
reproofs and rebuffs to the things that are nearest and dearest t 
your hearts, or the things that you think ought to be most 

ered and best considered by those to whom you are respons 
You must help the other fellow alongside of you, to pull 


if he is down, to raise him a little higher if he is deserving 
vour estimation. It is all human nature after all Engines 
no better than nor different from any other class of mén t t | 


know, except that they have keener minds and greatel 


hev are doers of things, they have their ace mplis! ment \! 
by that they too often submerge themselves, because c 
must be an artist to be a true engineer, and an artistic t 

is not combined with mat ment or executive cont 

n that position can be an opera singer. He must hav 

i keen eye, andad ( nd. Unfortunately, as a rul 


hose re sites unless schooled to them 
a determination to succeed in that particular li: 
John A. Britton, Mem. A.8.M.E. (deceased), in an address d 


before the San Fraz Lot Sec 
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SHORTCOMINGS OF CERTAIN ENGINEERS IN MANAGEMENT WorkK® 


[* IS NO REFLECTION to recognize that many of the engi- 
neers that followed in the trail of such pioneers as Taylor and 

Gantt have failed in the fulfillment of their claims. 
weakness has lain in: 

a Too great a generalization 

b A lack of appreciation of “inertia” in human enterprises 

ce A lack of appreciation of the human element 

d A lack of understanding of executive viewpoint 

e Alack of knowledge of selling methods. 

The chief error on the part of these engineers has been that they 
endeavored to reconstruct industry quickly by revolutionary 
methods in place of recognizing that the slower evolutionary method 
was the path by which the greatest progress would be made. There 
is a healthy index in the endeavor on the part of engineers through 
special study courses to attain a better understanding of business 
enterprise. The engineer has been unusually weak in that direction. 
His business equipment has been very close to the vanishing point, 
and as a consequence he has ignored the selling side, the financial 
side, and the human side of business enterprise. 

The engineer’s method of working from data in place of more 
or less indiscriminate observation is taking root, and it may be 
pointed out that there is no one better prepared as a whole to use 
data than the engineer, who, from the very beginning of his training 
is accustomed to acquiring data, analyzing data, and interpreting 


Their chief 


data. 


The Business and Financial Side of Management 
DEFLATION OF VALUES IN THE MacutINe-Too.u INpustrry? 


In periods of great activity, and even under opposite conditions, 
it is always advisable to build machines in lots so as to get the 
benefit of quantity production. This may involve tving up con- 
siderable capital. It seems to me, however, that a plant must be 
very poorly managed if the gains due to quantity production do 
not more than balance the interest charges on the extra capital 
required to finance the larger inventory. Of course when de- 
flation is quite drastic and when large stocks are carried, losses 
are inevitable, just as large profits result from this policy on a rising 
market. It is therefore apparent that no matter how scientifically 
the actual manufacturing operations are managed, the judgment 
to determine when to carry large inventories and when to reduce 
them as soon as possible will have more bearing on the ultimate 
success of the institution than scientific management may have 
had during periods of normal or greater acitivity. 


THE RETAILER’S PorInt or ViEWw* 


AKE the store that did the normal thing when prices were 

rising and manufacturers’ representatives who visited the 
store said, “This is fine, this is a sellers’ market This 
particular retailer placed orders for far more goods than he could 
possibly use, started pyramiding his orders; transportation facilities 
began to break down, for the railroads could not furnish cars. When 
the change in commodity prices started to come he found he had 
bought far beyond his needs and began to cancel orders. He 
was calling upon bank credit and straining it. He was calling upon 
manufacturers and wholesalers to furnish funds for his financing. 
He cut down his inventory prices—he had to clear out his stocks 
before he could buy more merchandise—and came to the bottom 
safe enough, because he didn’t go bankrupt, but without cash and 
with a great fear of purchasing more goods, with the result that at the 
bottom he was buying from hand to mouth, when prices were low. 
He made no money but lost a great deal in trying to liquidate 
the large inventory which he had on hand. 

Another store had a normal purchasing power of 35 per cent of 

the next season’s demands of its departments. When prices began 

® Max Slovsky, in a discussion of L. P. Alford’s paper on Ten Years’ 
Progress in Management at a meeting of the Tri-Cities Local Section, 
Davenport, Iowa. 

7E. A. Muller, Mem. A.S.M.E., at a meeting of the Cincinnati Local 
Section. 

8 Prof. Donald K. David, of the Harvard Graduate School of Business 
Administration, in a paper before the Boston Local Section, atCambridge, 
Mass. 
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rising, they thought 35 per cent was too much, that prices were 
away out of line and could not continue. They began cutting 
down instead of increasing, first to 30 per cent and then to only 
25 per cent, and started buying from hand tomouth. Instructions 
were issued that no order for more than $5 was to be given unless 
approved by the merchandise manager. When prices started to 
break they found that they had a comparatively small stock 
on hand. They took advantage of every price change during the 
decline, turned their merchandise rapidly, and made a small profit 
upon every turn. They increased sales because the public was 
looking for lower-priced merchandise, not When prices 
reached the bottom point, in the fall and winter of 1921, they 
bought 60 to 70 per cent of their business’ demands Although 
there has been much criticism of the practice, I believe it is a wis« 
thing to take profit upon replacement values rather than on costs 

The questions raised are, first, the statement that it is inevitabl 
that the retailer must take losses; and second, if that is the case 
how soon must it be after prices start to decline; third, that it i 
good business to take a mark-up on replacement value rather tha: 


less 


cost on rising markets, and also good business to take losses 

The way in which the retailer can help most is by abandonin 
his normal buying habits and purchasing from hand to mouth a 
prices advance 
and by 
the bottom of the price level when business needs the orders 


when the tendency is to overstock and pyramid 
orders buying more heavily—but not speculating 
he does this he will relieve the strain of merchandise credits, W 
stop cancellations to a great extent, and in that wav eliminat 
To do this he needs the aid of manufa 
and others, individuals will find it 
their particular advantage to reach a more conservative program 


change ol price levels. 


turers, engineers, and those 
It is a question to know when and how prices are going to change 


Retailers should start studying the relation of commodity pr 


to retail prices, the relation of raw-material prices to price 
retail 

MANAGEMENT AND SALES Pouicies® 
\ SALES PROGRAM must be entirely dependent upon 
4 


management policy, to my mind. During a period like 
present it is not a question of how much you can possibly sell 
It has therefore 


policy to find out first of all how much merchandise 


is how much you ¢an save yourselves been 

we could sat 
dispose of and then try to confine our merchandise to the chan 
which were most loyal and most attractive so that we cou 
through those 
has not been one of seeking new customers, nor one of seeking 1 
products to manufacture. 
of those customers whom we could serve during this period. During 


give service channels. Our program, theref 


It has been one of keeping the business 
the slump to come some time in the next four years our program 


be directly the reverse of this. 
shall seek a new product and a new market for our goods. 


Then we shall seek new custon 


THe RELATION OF BANK CREDITS TO THE BUSINESS CyYCLI 
NITIAL EXPANSION in the first of 


not demand credit. 
comes necessary for business concerns, if 


a period of 
It does not go on very far before it 
they are to buy good: 
at rising prices, to secure additional credit. It was the granting 
of more credit that made possible the further upward movement 
of wool..... Is there any way of moderating bank credits 
Not by means of legislation, because that would involve restriction 
of banking activities. It has been proposed that some chang: 
made in the currency standard, some adjustment in the weigl! 
and value of our gold unit to offset changes in price. That is ver 
doubtful wisdom and will probably not appeal to the gener® | 
intelligence. Federal bank credits are too late to be effectiv' 
We must look to the policies in general of the commercial bank 
of the large cities, for they give the tone to the whole situation 
Banks provide a portion of the working capital of most busines 

concerns—they limit their appropriation, they determine wis' 
they regard as safe limits. Along with other items of inforn 
they secure balance sheets and income statements from busine* 

® Howard Coonley, Mem. A.S.M.E., in a talk at the Cambridge meetiné 
of the Boston Local Section. 

10 Prof. O. M. Sprague, of the Harvard Graduate School of BusineS 
Administration, at the Cambridge meeting of the Boston Local Section 
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e concerns, and determine a safe ratio, namely, that the inventory, 
a receivables, and cash shall be twice the amount of the current 
y liabilities. In some lines a smaller proportion will do; in others 
iS the bankers think the proportion should be higher My 
55 proposition is that in periods of activity and rising prices a banker 
Lo should insist, or at least strongly advise, that his borrowing customers 
‘k improve their ratio, and if during a period of business activity 
ai n a particular case a ratio of 2 to 1 is considered quite satisfactory, 
ht then he should try to convince the customer that after two or 
as three years of rising prices a ratio of 3 to 1 would be none too 
we ge to secure the same degree of business stability and advise 
e) him to curtail and build up this ratio; in each year of good profits 
gh furnish from his own resources a little more of the working 
ist ipital of the business and rely less upon credits of one sort or 
ts nother, even the banks. Prices would rise slower because houses 
nl would have less funds if credits were curtailed I cannot 
Be easure the effect of the adoption of such a policy, but I believe 
would serve in more than one way to moderate conditions, and 
- ild be infinitely better than keeping going up to the last minute 
d then trying to “get out from under.” 
in 
Tue FINANCIAL STATEMENT AS A Basis FoR ExrenpinG Crepit' 
mn ps ANCIAL STATEMENTS have not been, and never should 
be, the only basis for credit. They should not enter into the 
tuation more than 33'/; per cent; the other 66?/, per cent should 
\ e made up of character, ability, knowledge of the business, ex 
ha perience, condition of plant, nature of line, prospects, ete 
I ks should insist on statements more than once a vear, say, 
rv three months or six months An actual « xample of the dis- 
lvantage of having statements only once a year is that ol a textile- 
facturing company which had quick assets and current li- 
ties in the ratio of 1.52 in 1916; 1.62 in 1917; 2.62 in 1915 
£09 in 1919; 5.07 in 1920; in 1921 had 99 cents to pay every dollat 
debtedness and in 1922 but 72 cents. During the vears 1916 
920 the net worth of the company Was in excess of the total 
itedness in the ratio of 1.41; 1.42; 2.15; 2.82 and 4.55, indicating 
with an increase in the net quick assets a steady and heavy growth 
ng the line. In 1921 the statements showed 2.23 of debt 
Mat every dollar the company had in the business, and this has 
e gone to $4.94 It is therefore believed that it would be ad- 
A e for all bankers to insist upon more frequent statements 
ny rom borrowers 
LABOR SHORTAGE, Nor Crepit STRINGENCY, WILL CHECK 
a PROSPERITY"? 
ere Ww AT is going to stop prosperity this time? Nor a stringency 
“ee of credit, because this time our financial situation is utterly 
. ; lifferent from what it has ever been before in the history of this o1 
_— iny other country. The banks have ample loanable funds and 
ire glad to make loans. They hold in their portfolios an amount 
estments such as they have never known before and those 
Hi ments can be turned into loanable funds on very short notice 
In our Federal Reserve System we have a large part of all the gold 
a of the world, and no country ever had the basis of such enormous 


dit expansion as there could be in America at the present time 


aahe So k of funds isn’t going to stop this upturn, but it will probably 
mes come to a halt when American industries begin actively to compete 
ere) with each other for labor. A labor shortage complicated by a short- 
‘ age of railroad transportation—and the shortage of railroad trans- 
ne a portation is already becoming serious—is beginning to show itself. 
“4 - Now when these great up-turns or down-turns happen, very 


_.. | Mmportant changes take place in the mental attitude of labor. 
eo When prosperity is booming along, men rarely work as hard as 
they did before, but when a decline sets in they work much harder. 
That is one of those intangible elements in the problems of man- 
"py =*Sement that is of the very first importance. 

ere In Akron in 1920 the average output of the automobile tire fac- 


tories was substantially one tire per man per day. In 1921, with 
Tl tT . a - 
the saine workers, the same factories, the same processes and same 
usihes rac +} . ‘ : : 
) lures, the average output was 2.4 tires per man per day. In Detroit, 
nina ; '' FS. Hughes, Manager Credit Dept., Federal Reserve Bank of Boston, 


Busines fim nN & paper read at the Cambridge meeting of the Boston Local Section. 
: 2 ad ‘* Colonel Ayres, Vice-President of the Cleveland Trust Bank, in an 
= ‘Address at a meeting of the Cleveland Local Section. 
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in 1920, at the works of the Ford Motor Co 
working a day to make one ear. 


, it took fifteen men 
In 1921, with the same machines, 
the same factory and the same men, eight men working a day made 
a car. 

We are not vet able to avoid these swings. We are not going to 
be able to avoid them fully. We can mitigate them more and more 
as time goes on by finding out the facts by the scientific method, 
which, if I had to define it, consists of analvtical 


scrutiny, exact measuring, and judgment on the 


I should say 
careful recording, 
basis ol observed lacts 


A.S.M.E. Annual Meeting December 3-6, 1923 


| ) ast ‘EMBER 3 to 6 are the dates for the coming Annual Meeting 
of the A.S.M.E. The plans for the technical program which 


are being developed by the Professional Divisions of the Society in 
cooperation with the Meetings Committee indicate a meeting that 
will be of great value to the entire membership. In the field of 
power there will be three sessions, one devoted to heat balance and 
boiler-room economy, one on methods of water-flow measurement, 
and one on the 


The America 


various phases of coal storage. <A joint meeting with 
SPocietyv of 


Refrigerating Engineers will discuss heat 


transter, cooling towers, and insulation for refrigerating cars. The 
Machine Shop Practice Division is planning to discuss the prin- 
ciples of sheet-metal working. A research report in the machine- 
tool field will also be presented, Textile mechanical engineers will 
be treated to papers on steam distribution and woolen-mill con- 
struction; the Gas Px Session will deal with heavy oil engines: 
the Railroad Division will discuss steel car design and operation 
ind the Aeronautic Session will treat the technical problems of 
commercial flying I Ordnance Division has secured the co- 
operation of the technical staff of the U. S. Ordnance Department 


and two interesting papers are promised dealing with the advance in 
physical reseurch in ord! nee 
steel. The Management Diy 


devoted to the 


and the production of ordnance 


Ision Is planning two sessions, one 


Importance of good engineering as 


a preliminary 


step to the deve lopm«e nt of good management and a second on the 
subject of management in the public interest. 

The A.S.M.E Vi will contain ¢ ymplete information about 
plans for the meeting as they develop and members of the A.S.M.E. 
must read the Vews to get this information as no special circulars 
will be sent out this vear. The complete program for the meeting 
will app irin the A.S.W/ Vews for November 22 


The plans for the meeting have been under consideration for 
expected to be in the hands 


of the Committee bv October 1, so that proper steps may be taken 


several months and all papers are 


for their publication previous to the meeting. 


a technical 


The great value of 
the discussion at the meeting and it is 
the ambition of the Committee on Meetings and Program to have 


meeting lies in 


papers issued so that all members may have an opportunity to 
prepare carefully considered discussions. Owing to the reduction 
all meeting papers cannot appear in 
Transactions in full, and concise, well-prepared discussions will aid 
the Meetings Committee in the conduct of the meeting and the 


in appropriatiol s this vear, 


Publications Committee in selecting material for Transactions 

The second Exposition of Power and Mechanical Engineering 
will parallel the meeting and last out the entire week. It is hoped 
that this arrangement will give the members of the Society a better 
opportunity to view the interesting exhibits at the Exposition. 
As the Exposition opens at noon each day, the Committee on Meet- 
ings is arranging to hold the sessions of interest to power engineers 
in the morning. The Exposition management has announced that 
already space of the entire first floor of the Grand Central Palace 
has been engaged and the exhibition space will therefore be extended 
to include the mezzanine floor. A division devoted to power trans- 
mission has been added to the Exposition. 

The first exposition drew an attendance of 47,580 representative 
engineers, operating men, executives and financiers as well as tech- 
nical students and their instructors, and the expressions of interest 
on the part of those attending and the words of satisfaction of those 
exhibiting were but a small measure of the success of the exhibition 
in informing the engineering public of the latest developments in 
the art of generating and utilizing power. The second show, with 
its greater size and diversity will undoubtedly be of greater value. 





Engineering and Industrial Standardization 


A.E.S.C. Approves Specifications for Wrought-Iron 
Bars and Plates 


HE American Society for Testing Materials, in submitting 
their standard Specifications for Staybolt, Engine-Bolt and 
Extra Refined Wrought-Iron Bars, A84-21, for Refined Wrought- 
Iron Bars, A41-18, and for Wrought-Iron Plates, A42-18, state 
that the preparation of these date from 1905 to 1913, the first work 
in this field having been done on the first-named group of materials 
in 1905. The specifications for staybolt iron remained tentative 
for five years. In 1910 they were revised and adopted as standard 
by the society. In 1912 the requirements for strength, elongation, 
and reduction of area were slightly raised, and a new section on 
each test was included. The addition of a suitable vibratory re- 
quirement for staybolt iron has not yet been possible on account 
of the impossibility of formulating a standard method of test that 
could be adhered to strictly on any two existing types of testing 
machines. In 1917 the specifications for staybolt iron were revised 
extensively; in 1920 a revision was made in regard to the permissible 
variation in diameter, which was adopted as standard in 1921. 
The first specifications for engine-bolt iron were adopted in 1912, 
and, after a number of revisions, adopted in their revised form as 
standards of the A.S.T.M. in 1921. The tentative specifications 
for extra refined wrought-iron bars were developed in 1919, being 
designed to cover large rectangular bars used in the construction 
of locomotives and for similar purposes. These were adopted as 
standard by the A.S.T.M. in 1921, in which year the three sets of 
specifications for staybolt iron, engine-bolt iron, and extra refined 
wrought-iron bars were consolidated under the title given above. 
The specifications for refined wrought-iron bars were first written 
in 1912, by the A.S.T.M. Committee A-2 on wrought-iron, being 
intended to cover a grade of iron suitable for general forging, 
smithing, and construction purposes. Following their adoption as 
standard, a number of revisions were made, and they were again 
adopted by the society in 1921. 
The specifications for wrought-iron plates date back to 1913. 
Two classes of iron are provided for, in both of which it is specified 
that the material shall be free from any admixture of steel. The 


specifications stood without revision until 1918, when minor modi- 
fications were made. They have since been adopted as a standard 
of the society. 

The special committee which recommended to the A.E.S.C. 
approval of these three sets of specifications as Tentative American 
Standards was headed by Col. E. C. Peck, representative of The 
American Society of Mechanical Engineers on the A-E.8.C. In 
addition the committee included representatives of the following 
organizations: 

American Marine Association, Shipbuilding Standardization Committee 

Department of Commerce 

American Institute of Mining and Metallurgical Engineers 

U.S. Navy, Bureaus of Engineers and of Construction and Repair 

Association of American Steel Manufacturers 

American Society for Testing Materials 

Society of Naval Architects and Marine Engineers 
This committee further recommended that the American Society fo 
Testing Materials should be designated sponsor, under A.E.S.( 
procedure, for the future development and revision of these speci- 
fications 


Twelfth Annual Safety Congress Meets in Buffalo 


Next Month 


HE safety congress which is called each year by the National 

Safety Council will be held this time at the Hotel Statler 
Buffalo, N. Y., October 1 to 5. The first edition of the progral 
indicates that twenty-four of the N.S.C.’s sections will hold one o 
more Among these are the Automotive, Chemica! 
Cement, Construction, Education, Electric Railway, Engineering 
[ce and Refrigeration, Marine, Metals, Mining, Packers an 
Tanners, Paper and Pulp, Petroleum, Public Safety, Public Utilitie 
Rubber, Steam Railroad, Textile and Woodworking. Under ea: 
of these heads two or more papers will be presented and discussed | 
leaders in the safety movement. 

Two joint sessions are scheduled, one with the Amencan Associ 

tion of Industrial Physicians and Surgeons, and the other with t! 
New York State Department of Labor. 


sessions. 








~ LIBRARY NOTES AND BOOK REVIEWS 





Bibliographies on Hydraulic and Wave 
Transmission 


N hydraulic transmission power is transmitted by a continuous 
flow of the liquid, while in wave transmission the liquid pulsates 
backward and forward about a mean position. Because of this 
distinction the references on the two systems are given separately, 
but in one or two cases, indicated by the title, both systems are 
discussed in the same article. ' 

This list of references was compiled by Elizabeth Seymour, of the 
Engineering Societies Library. The articles are on file in the 
Library, which will supply photostatic copies of them at the rate of 
twenty-five cents a page. 


HYDRAULIC TRANSMISSION 
A New System or Hypravutic-TRANSMISSION, A. Raudot. Revue générale 
de l'Electricité, vol. 9, 1921, pp. 143-147; 177-181; 239-243; 279-284; 
321-325. With this system it is possible to vary at will the output of a 
generator pump, driven by a primary motor at constant speed, between 
zero and a maximum dependent on the pump capacity. 


APPLICATIONS OF HypRAULIC-TRANSMISSION VARIABLE-SPEED DRIVE TO 
MaAcHINE TOOLS AND \IANUFACTURING Processes, W. Ferris. Am. Soc. 
Mech. Enzre., Advauce Proofs, 1922, 34 pp. Abstracts in Mech. Eng., 
vol. 45, Apr. 1923, pp. 238 241, discussion p. 241; Machy., vol. 29, Feb. 
1923, pp. 496-497. Describes and illustrates a number of applications of 
the ‘“Oilgear’” to machine-tool driving, broaching, hydraulic presses, etc. 


Das Lentz-GetrieBe, Wittfeld. Maschinenbau, vol. 1, 1922, pp. 497-503. 
Problems of speed reduction and reversal with reference to electrical and 


mechanical systems and the Lentz hydraulic system. Various app! 
tions to railway cars, types of ships, ete. 

FOETTINGER TRANSFORMERS ON A LINER 
pp. 4-5, suppl. plate opp. p. 12. 
1922, pp. 668-669. 


134, July 7 


Engineer, vol | 
Eng., vol. 44 


Abstract in Mech 


Front Wuoeet Drive Truck Features GEARSE! 
TROL, B. R. Dierfeld 


759-762. Design of 


with Hyprav! 
Automotive Industries, vol. 48, Apr. 5, 1925 
Lippische truck being produ 


chassis now 


Germany. 


GASOLINE SWITCHING LOCOMOTIVE WITH HypravuLi 
73, Aug. 19, 1922, pp. 323-326. Also in Ry 
1922, pp. 503-506. Abstract in Mech. En 
667. 


Drive. Ry. Age 
Mech. Eng., 
14, Oct. 


vol. 96. 


Z., vol 1922 


HypravuLic Power TRANSMISSION Gears, M. H. Sabine. 
65, 1922, pp. 151-154; 205-206; Abstract in M 
Eng., vol. 44, 1922, pp. 320-321. Applications; particulars requit 
transmission and pump sets. Details of Williams-Janney, Carey 
and Hele-Shaw svstems. 


Prac. Ex 


221-222; 235-236. 


Hypravuwic Press wirn “OrtGear™’ Conrrot. Am. Mach., vol. 55 
p. 295. 
HyprRavutic STEERING Gears, H. S. Howard. Am. Soc. Nav. Engr 


34, 1922, pp. 259-279. lrennessee, 
] and Ws 


land, 


Gears fitted to the New Mexico 
st Virginia. Diagrams. 

Inst. Automobile | 

. Classification of transn 

and Hele-Shaw transmissivi 


Hypravutic Transmission, F. L. Martineau. 
Proc., vol. 11, 1916-1917, pp. 223-258 
Description of Hall, Janney, 


systems. 
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Hyprac.ic Versus Evecrric Drive ror Steet-Mitt Auxiniaries, R. B. 
Gebhardt Assn. Iron & Steel Elec. Engrs., Proc., 1919, pp. 85-96. Also 
in Engrs.’ Club Phila., Jl., vol. 36, pp. 303-308. Applications to particu- 
lar operations, including door hoists, furnace covers, elevators, manipula- 


tors, lifting tables, middle roll, balance shears, and intensifiers. 


OrmLGgeaR—A VARIABLE SpEED AND Freep Contro. System. Am. Mach., 
vol. 55, 1921, pp. 271-274. Abstract in Mech. Eng., vol. 43, Oct. 1921, 
I OS2 OSG 

Recent Types or Hypravutic TRANSMISSION GEAR. Eng. & Ind. Manage- 


Apr. 6, 1922, pp. 323-327. Describes Williams-Janney 
ewash-plate gear, the Hele-Shaw transmission system, and the Constanti 
esco Wave transmission gear 


ment, vol. 7, 


VARIABLE Speep Or; TRANSMISSION Gear. | Engineering, vol. 114, Dee 
1922, } SO0-SO1, and 804. Gear constructed by Oilgear Co., Milwaukee 
\\ 

WAVE TRANSMISSION 
l wan Wave Power Toots, Rock Dritis, Riverrers, etc., for mining 
d shipbuilding. W.H. Dorman & Co., Stafford, England, 1920.  Pref- 
Walter Haddon 

tH ‘ Wave TRANSMISSION Elec. Times, vol. 57, 1920, pp. 133-134 
Wave and electrical transmission compared. Describes the Constanti- 

=sVstem 

Romance oF Wave TRANSMISSION, new world’s industry for Britain, prog- 

of great twentieth-century invention by a mining engineer. Re- 


ted from Eng. Suppl. of Overseas Daily Mail, Oct. 14, 1922 


[TRANSMISSION DE L’ENERGIE PAR LES VIBRATIONS DE LIQUIDES DANS 
wovurres, C. E. D. Camichel and A. Foch. Comptes Rendus, vol 
783 Authors claim initial pressures must be con 


mat<«¢ 

1420, pp 7S6 
rable and find Mr. Constantinesco’s analogy between hydraulic and 
r henomena not theoretically correct 


l IsSCHE ScHWINGUNGSLEHRE, Wilhelm Hort. Second Edition J 
nger, Berlin, 1922 
Wave Transmission, George Constantinesco Walter Haddon 
Salisbury Square, E. C.4, London, 1922. A treatise on transmission 
vibrations 
Wa Power TRANSMISSION, W. Dinwoodic Paper read before Soc. of 
Engrs. Ine., 17, Victoria St., Westminster, 8. W. 1, on Dec. 4, 1922 
Wa PRANSMISSION, A NEW AND StxtH Metuop oF TRANSMITTING Power, 
Walter Haddon Ed. 3, London, 1922 A descriptive pamphlet on the 
n of G. Constantinesco 
Wa TRANSMISSION Patents. Walter Haddon, 132, Salisbury Square 


1922 


Trade-Association Activities 


I \ssociaTION Activities. Prepared by L. E. Warford and R. A 

under the direction of Julius Klein, Director, Bureau of Foreign 

Domestic Commerce. Government Printing Office, Washington, 
Flexible linen, 6 X 9 in., 368 pp., $0.50. 


rease the popular interest in the reorganization of the De- 


partinent of Commerce, and to aid in the development of a definite 
prog for the elimination of national waste, for the establishment 
of 1 strial research, the collection of economic information, and 
the promotion of foreign trade, the Department, in a comprehensive 
pul tion entitled Trade Association Activities, has focused at- 
tention on the possibilities of the organizations of producers or dis- 
tributors of commodities or service, known as trade associations. 

olume is accredited to L. E. Warford and Richard A. May, 
dire by Julius Klein, Director of the Bureau of Foreign and 
Domestic Commerce under Secretary Hoover. Its preparation was 
a ken jointly by the Bureau of the Census, the Bureau of 
Foreign and Domestic Commerce, and the Bureau of Standards, 
aide a representative committee covering the many phases of 
trac sociation activities. 

Secretary Hoover, in an extended introduction, enumerates the 
val essential constructive services rendered by associations, 
ind ummarizing states that if we are to have a comprehensive 
ecol system, it seems the time has come when we should take 
COgt e of the necessities. The growing complexities of our in- 
dust life, its shift of objective and service, require the determin- 
Alor in economic system based upon a proper sense of rightful 
Cooperation, maintenance of long-view competition, individual 
initiative, business stability, and public interest. 

Che book has an important purpose and is exhaustive, but a brief 
re 


its contents would be inadequate. However, the follow- 
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ing chapter headings are suggestive of the large and representative 
amount of material brought together: Statistics and Their Legal 
Aspects, Legislative Activities, Simplification and Standardization 
Cost Accounting, Credit and Collective Activities, Trade Disputes 
and Ethics, Employee Relations, Insurance, Public Relations, Traf- 
fic and Transportation, Commercial and Industrial Research, 
The Government, the Department of Commerce, Organization and 
Administration of Associations, History, Directory of National and 
International Associations 

Bearing the stamp of the Government, the work is official, and 
from the representative method of its compilation it may be con- 
sidered as authoritative. The price is nominal only, and every one 

engaged in industry and commerce owes it to himself to secure a 

copy from the Superintendent of Documents 


AppLiep Mecuanics. By Alfred P 
Hill Book ( o., New York 


pp., diagrams, $2.75 


McGraw- 


Poorman. Second edition. 


ind London, 1923 Cloth, 6 9 in., 


A textbook for undergraduate courses in engineering schools 
Departs from the usual procedure by making extended use of the 
graphic method of solution and by presenting a large number of 
illustrative examples which have been solved in detail to show the 
relation between the principle which has been developed and the 
problem to which it applies. Several changes have been made in 
the new edition and the section on statics has been expanded 


By-Propuct CoKING I 
Brothers, Le 
12s 6d 


G. Stanley ¢ editior Benn 


illus., diagrams 


Ne | ond 


192 pp 


ooper 


2 
} 
ndon, 1923. Cloth, 6 & 9 in., 


An English treatise which aims to supply the need for a text- 
book by giving an accurate, up-to-date account of the industry 
as it stands at present. Considers the nature and preparation of 
coking coals, the development of the by -product oven, plant opera- 
tion, oven systems, machinery, the recovery of by-products and the 
utilization of gas. Intended primarily for students, but useful also 
to practical men 


CARATTERISTICHE CostrruetTTiveE DeLLeE TeurBINE IpRAULICHE NeEGI 
IMPIANTI ATTUALI By Guido Gambardella Antonio Villardi, Milan 
1923. Paper, 7 10 in., 133 pp. 


In this contribution to the literature of the hydraulic turbine, 
the author is concerned with the correlation of recent theory and 
current practice, and with a comparison between the results of cal- 
culation and those obtained by laboratory tests. Theoretical and 
experimental data furnished by various manufacturers are given 
and modern features in distribution and regulation are explained. 
The book is intended for students who wish to understand current 
manufacturing practices, for purchasers of turbines and for manu- 
facturers 


CostTinGc AND Price-Frxine By J. M. Seott-Maxwell Issac Pitman & 
Sons, New York and London, 1923 Cloth, 6 X 9 in., 211 pp., illus., 
$2 


The purpose of this book is to give briefly the general principles 
of cost accounting and, in detail, a complete system applicable to a 
factory manufacturing a large variety of apparatus, relatively to 
its total output, the great bulk of which cannot be completed 
and put into stock, but can be only partly manufactured and must 
be completed after the receipt of the customer’s order. Appropriate 
parts of the system will meet all the requirements of factories that 
produce finished products and sell from stock, while the complete 
system can also be applied to plants that work to order only. The 
principles and system have been used by the author in practice 
for the past fifteen years. 


Dock AND HarBour ENGINEER'S REFERENCE Book. 
ham. Second edition. Charles Griffin & Co., 
cott Co., Philadelphia, 1923. Fabrikoid, 4 
tables, 9s. 


$v Brysson Cunning- 
London; J. B. Lippin- 


<x 6 in., 319 pp., diagrams, 

The subjects considered in this book are harbor and dock con- 
struction; quay and dock walls and wharfs and their equipment; 
locks, graving and floating docks and their equipment; dredging 
and subaqueous rock removal; maritime canals, channel rectifica- 
tion and demarcation, and coast defense. 
attempt to be complete 


The volume does not 
It is based on notes made for his own use 
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by the author, and touches only lightly on theoretical considera- 
tions, being more concerned with particulars of works actually 
carried out and with their cost. 


Les Economies DE COMBUSTIBLES; CONDUITE RATIONNELLE DES FOoYERs. 
By Pierre Appell. Gauthier-Villars et Cie., Paris, 1923. 
pédie Léauté, 2e série.) Paper, 6 X 8 in., 341 pp., illus., 
tables, 17 fr. 


(Encyclo- 
diagrams, 


The purpose of this book is to call attention to the economies 
in the use of fuel possible in industry and to indicate the methods 
by means of which these savings may be realized. The author 
reviews the fuel situation in France, gives directions for investiga- 
ting and choosing fuels, explains the phenomena of combustion and 
discusses methods for using fuel efficiently under boilers, in gas 
producers, and in furnaces. Methods of measurement and control 
are also considered. A bibliography and index are given. 


McGraw- 
Cloth, 6 X 9 in., 453 


E.ectric FURNACE FOR IRON AND STEEL. By Alfred Stansfield 
Hill Book Co., New York and London, 1923. 
pp., illus., diagrams, tables, 35. 

Instead of issuing a new edition of his Electric Furnace, Dr. 
Stansfield has decided to replace it by two new books, of which the 
present work, dealing with the use of the electric furnace in the 
metallurgy of iron and steel, is one. It is intended to give a reason- 
ably complete account of the electric smelting of iron ores to make 
pig iron and the making of steel from metallic charges in electric 
furnaces. 

The book consists of three parts. The first contains historical 
matter, an outline of ferrous metallurgy, and a brief account of the 
electrical supply needed for electric furnaces. The second part 
describes the electric smelting of iron ores for pig iron, the reduction 
of iron ores in the state of powder and the production of ferro- 
alloys. The third part treats of the production of iron and steel 
from metallic materials and the furnaces in use for these purposes. 
It also includes a chapter on the production of steel from ore and on 
electric welding. 


E.LectTrRIcAL HANDLING OF MATERIALS, vol. 4: Machinery and Methods 
By H. H. Broughton. Ernest Benn, London, 1923. Cloth, 9 x 11 
in., 334 pp., illus., diagrams, 50s. 

This, the concluding volume of Mr. Broughton’s useful treatise, 
has for its subject the machinery used for handling materials 
mechanically and the methods of handling and storing The open- 
ing chapters describe elevators, conveyors, belt conveyors, automatic 
feeders, and ship hoists. Succeeding chapters are devoted to 
methods of handling various articles, especially, ore, coal, grain and 
similar bulk materials, and foodstuffs. Like the other volumes, 
this one deals broadly with the question of design and gives many 
examples that illustrate the present state of the art. 


ELEMENTS OF MACHINE DesiGn. By Dexter 8. Kimball and John H. Barr. 
Second edition. John Wiley & Sons, New York; Chapman & Hall, 
London, 1923. Cloth, 6 X 9 in., 446 pp., illus., tables, $4. 

A discussion of the fundamental principles of design, intended 
primarily for students, but’ also, the authors hope, of interest to 
designers. The principal part of the work is devoted to the dis- 
cussion of the more important details of machines, with a view of 
showing how theoretical considerations and equations are applied 
and modified in practice. The new edition has been thoroughly 
revised and the arrangement changed as a result of experience. A 
chapter on the balancing of machine parts has been added. 
FINANCIAL AND OPERATING RATIOS IN MANAGEMENT. 


Ronald Press Co., New York, 1923. 
$6. 


By James H. Bliss. 
Cloth, 6 X 9 in., 396 pp., tables, 


In every branch of industry there are certain characteristic finan- 
cial and operating ratios, depending upon the nature of its activities. 
The aim of this book is to develop certain standard ratios for the 
use of managing executives in securing more effective control of 
the finances and operations of their business. 

Part 1 of the bodk considers the various ratios and turnovers 
which should be noted and compared; explains how they are com- 
puted and their bearing on the general problem. Part 2 contains 
tables compiled from published reports of representative industries, 
with explanations. These statistics afford standards enabling a 
company to compare its own statistics with standards within the 
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industry and thus gage its competitive position. The book also 
aims to show the methods by which a concern may prepare standards 
in its own line. 


HypRAULICS FOR ENGINEERS AND ENGINEERING STUDENTS 
Fourth edition. Edward Arnold & Co., London, 1923 
in., 594 pp., illus., tables, $6. 


By F. C. Lea 
Cloth, 6 X 9 


Dr. Lea’s book is intended as a reference book for practicing 
engineers and as a textbook for serious students. He attempts t« 
deal with the subject in a wider sense than is done in most text- 
books, to embody the results of the latest experimental researc! 
on the subject, and to give sufficient details to indicate the methods 
used in obtaining those results. 
include the latest experiments. The original chapter on turbine 
has been much enlarged and that on pumps has been divided int 
two chapters. 


This edition has been revised t 


GROSSDAMPFKESSELN By 
Julius Springer, Berlin, 1922 
illus., diagrams, tables, $1 


Dir LE&EISTUNGSSTEIGERUNG VON 
Miinzinger 


Friederic} 
Paper, 6 X 9 in., 163 pp 
An active experience in planning and operating large boile: 
plants during the last ten years has led the author to certain opin- 
ions concerning methods for increasing the output and economy of 
large steam generators and to an appreciation of various difficultis 
that have had to be overcome. The results of his practical work 
are set forth in the present volume, which discusses the ways by 
which large boiler plants may attain greater economy. Special 
attention is paid to the influence of accessory apparatus. T! 
concluding chapter considers possible future developments. 


MecHANISMS OF Macuine Toots. By Thomas R. Shaw Henry Frow 
ind Hodder & Stoughton, London, 1923. (Oxford Technical Publica 
Cloth, 9 11 in., 351 pp., illus., diagrams, $14 


In the present work Mr. Shaw endeavors to place on record 


A 


tions 


many of the essential principles which have a place in machine- 
tool design. The book opens with an account of the evolutio: 
types and functions of machine tools, in which several examples 
of early design are shown, accompanied by later designs showing 
the changes. The materials are then discussed briefly. The re- 
mainder of the book discusses many of the more important mech- 
gearing, frames, bearings, transmission, reverse 
motions, controlling, tripping, indexing and locking devices. These, 
as far as possible, have been grouped as separate units, distinct 
from any machine, so that the reader may analyze the different 
methods in use for a single operation. 
attractive in make-up. 


anisms: power 


The volume is unusus 


Mopern Ironrounpry. By Joseph G. Horner. Henry Frowde, & Hodder 
& Stoughton, London, 1923. Cloth, 6 XK 9 in., 255 pp., illus., $ 
The work of an experienced founder, this book is intended 
apprentices and young men who wish an insight into pract 
methods. Cupolas and their working, fans, blowers and tools 
described; methods of molding are explained and the causes of faults 
in casting are shown. There are chapters on flywheel, and cylinder 
molding, on machine molding and die casting, 
foundry design and equipment. 


as well as on 


TRAVAIL 
Dunod, Paris "od 


Le Morevur Human et Les Bases ScCIENTIFIQUES Dt 
FESSIONEL. By Jules Amar. Second edition 
Cloth, 5 X 7 in., 690 pp., illus., tables, 45 f1 

Amar’s book is a study of the mechanism of man as a motor 

of the way this motor works. It attempts to present all the physio 

logical and physical data available for the scientific study of labor 

and for determining the efficiency of human work. Althoug! 
war has interfered seriously with scientific research during the 
nine years that have elapsed since the first edition appeared, some 
interesting investigations have been made, which have been 1D- 
corporated in the new edition. New material is given on nutri(ion 
physical training, locomotion, and on the measurement of sens 
perception, as well as on experimental methods. 


Strickland. Isaac Pitman & Sons, London and 
Cloth, 5 X 7 in., 116 pp., illus., $1. 


Moror Boats. By F. 
New York, 1923. 

A concise review, in non-technical language of the development 
and construction of motor boats, of the principles of the marine 





motor, of its advantages over the steam engine, and of its possible 
future development. 
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Power Puiant Macuinery, vol. 1; Mechanism of Steam Engines. By 
Walter H. James and Myron W. Dole. Second edition. Johp Wiley 
& Sons, New York; Chapman & Hall, London, 1923. Cloth, 6 K 9 
in., 277 pp., illus., diagrams, $3 
In revising their textbook on the Mechanism of Steam Engines 
the authors decided to expand the work into a general discussion 
of the principal machines used in a steam power plant; of this work 
the present book becomes volume one. It is an elementary treatise 
on the kinematics of reciprocating steam engines and steam tur- 
bines, planned for students who take up the subject after a course 
the elements of mechanism and before they study the theory 
and practice of heat engineering. An effort has been made to pre- 
sent the subject so that the beginner will understand the mechan- 
ical principles on which the engine operates, with special reference 
to the valve gear and governing devices, and the various diagrams 
ised to study them. The aim is to treat these questions logically 
ind concisely, yet with sufficient detail to make the principles easily 
ul derstood 


RADIOTELEGRAPHIE ET 
G. Malgorn 
231 pp., illus., 


{ADIOTELEPHONIE A LA PoRTEE Dt 
Gauthier-Villars et Cie., Paris, 1923 
10 fr 


Tons. By 
Paper, 6 X 9in., 
diagrams, 
Most of the books on radio telegraphy and telephony have been 
written for those experimenters, amateur or professional, who wish 
to construct or assemble radio stations. The present writer ad- 
dresses himself to that larger class of persons who purchase com- 
mercial radio sets ready for use, and who are interested only in 
understanding the principles of the apparatus and in learning how to 
ise it most effectively. The book explains the theory of radio, the 
tions of the various parts of the receiving set, and supplies 
practical information on the operation and maintenance of the 


apparatus. 


W PRESERVING Terms. By Ernest I 
Protexol Corporation, New York, 1922 


Hartman and E. |} 


Paper, 6X9 in 


Paddock 
, 85 pp., $1 

\ useful glossary of terms used by wood preservers, including 
chemical, 


Wi n 


pathological and engineering terms, as well as those 
are merely industrial. The definitions frequently are en- 
cyclopedic in fullness and accompanied by references to the liter- 


ature, so that the pamphlet forms a convenient reference work. 


Test Code tor Locomotives 


( niimued from page 610 

( ind Rate of Combustion 
2) Coal fired, total Ib 
a Dry coal fired, total lb 
b) Combustible by analysis, total lb 
Coal as fired per hour lb 
a) Coal as fired per hour per sq. ft. of grate surface lb 
bh) Coal as fired per hour per cu. ft. of firebox volume lb 
Dry coal fired per hour lb 
d) Dry coal fired per hour per sq. ft. of grate surface lb 

Q of Steam 


1) Quality of steam in dome per cent 


a) Superheat of steam in branch pipe deg. fahr. 


Wa ind Steam: 
Water evaporated, total lb 
a) Water delivered to _ boiler.... ‘ lb 
(6) Weight of water in boiler at start of test minus weight 
of water in boiler at close of test, (plus or minus) lb. 
(ce) Boiler correction lb. 
(d) Water losses.... lb. 
(e) Moist steam used at auxiliaries, calorimeter, safety 
valve, steam leaks, etc., total lb. 
(f) Superheated steam used or lost before reaching the 
engine cylinders, total : , lb. 
Eva} ition: 
6) Steam to superheater per hour ; Ib 
(a) Moist steam per hour lb. 


(6) Heat transfer across water-heating surface per hour 
(units of evaporation) “ 1000 B.t.u. 

(c) Heat transfer across superheating surface per hour 
(units of evaporation). . 1000 B.t.u. 
¥) Total heat transfer per hour (units of evaporation) 1000 B.t.u. 

(a) Heat transfer per hour per sq. ft. of heating surface 
(units of evaporation) 1000 B.t.u. 
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(38) Unite of evaporation per pound of Coal as fired 1000 B.t.u 


(a) Units of evaporation per pound of dry coal 1000 B.t.u 


(39) Superheated steam per hour lb 
40) Superheated steam per pound of coal as fired lb 
a) Superheated steam per pound of dry coal lb 
h Superheated steam per hour per sq. ft. of heating 
= iriace lb 
11) Efficier the boiler and furnace (heat absorbed by boiler 
per cent 
ENGINE PERFORMANCI 
42) Steam de ed to the engines per hour lb 
1 ( quivalent of the water and steam 
<< lb per hr. 
Dr juivalent of the water and steam losses 
lb per hr. 
E nis ar Pre ire Indicator D jram iverag 
43) Mean effective pressure lb. per sq. in, 
a Cut-off per cent ol stroke 
} Steam-chest pressurs lb. per sq. in. 
Initial pressure lb. per sq. in. 
Pressure at cut-off b. per sq. in. 
Least back pressure lb. per sq. in, 
Indicated H j 
44) Indicated horsepower i.hp. 
a Right side, head end i.hp 
Right side, crank end i.hp. 
Left side, head end i.hp. 
d Left side, crank end i.hp. 
45) Coal as fired per i.hp. per hour Ib. 
a) Dry coal per i.hp. per hour lb 
46) Steam per i.hp. per hour lb. 
a) B.t.u. of coal consumed per i.hp. per hour 
GENERAL Locomotive PERFORMANCE 
Drawbar Hi ¢€ power 
17) Drawbar horsepower d.hp. 
Average drawbar pull lb. 
Maximum drawbar pull lb 
18) Coal as fired per d hp per hour lb. 
a) Dry coal per d.hp. per hour lb 
Coal as fired per 100 ton-miles lb 
Coal as fired per car-mile Ib. 
Dry coal per 100 ton-miles lb 
é Dry coal per car-mile lb, 
19) Steam per d.hp. per hour lb. 
B.t.u nsumed by engine per d.hp. her hour 
Steam per 100 ton-miles lb. 
Steam per  car-mile lb 
Efficient J 
50) Indicated horsepower minus drawbar horsepower hp 


51) Ratio ol d.hp to i.hp 


per cent 
52) Efficien 


of the locomotive per cent 


Endurance-Test-Data Interpretation 


niinued from page SJ 


after a certain length of time. Repeating the experiment with 
another crankshaft identical in every respect and made by the same 
concern, it would be found that the life would be very different 
from that of the first one. This was true of practically every 
manufactured product 

Failure of a steel part always started at a definite point, and 
upon examination it would be found that it was due to some small 
defect such as porosity or the presence of slag; for there was no 
steel that did not contain slag, although in most cases it was present 
in such minute quantities that it could be detected only by a high- 
power microscope. 

Those purchasing tungsten lamps, ball bearings, gears and the 
like wanted to know how long they would last under certain con- 
ditions and would select those with the longest life because they 
would be cheaper in the end and safer. Tests had to be repeated 
many times in order to get comparative results on which to base 
the endurance and safety of a product. 

The curves given in the paper would prove of value to the manu- 
facturer in that they would reveal to him the amount of dispersion, 
which he could then reduce by painstaking inspection. 

The reason why failures occurred was not always clear; it was 
known in some cases, but not in all. He would emphasize the 
fact that every endurance test should be run to a definite end 
point; if possible, to the point where failure started. 
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AIR FURNACES 

Fuel-Oil-Burning. Using Fuel Oil in Air Furnaces, 
A. V. Landschoot. Iron Trade Rev., vol. 73, no. 
9, Aug. 30, 1923, pp. 599-604, 2 figs. Proper com- 
bustion, close control of heat, attention to charge, 
and regulation of time element are factors in opera- 
tion of oil-fired malleable-iron melting units. From 
paper read at Am. Foundrymen’s Assn. convention. 

AIRSHIPS 

ZR-1. Building the Large Navy Dirigible ZR-1, F. 
E. Schmidt. Am. Mach., vol. 59, no. 10, Sept. 6 
1923, pp. 367-371, 9 figs. Outline of problem in 
designing and building hugé airship; special machine 
for drilling holes spaced within two thousandths of 
an inch; machining duralumin. 


AUTOMOBILES 


Wheels. The Spring Wheel, C. P. 
mobile Engr., vol. 13, no. 179, Aug. 1923, pp. 238 
242, 18 figs. Inquiry into design and commercial 
possibilities; described as wheel having yielding or 
resilient elements intended to render road shocks 
harmiless. 


BEARINGS, BALL 


Contact Area of Ball and Plate. The Contact Area 
of an Elastic Sphere When Compressed Between 
Flat Elastic Plates, John Goodman. Enginecring, 
vol. 116, no. 3005, Aug. 3, 1923, p. 133, 4 figs 
Methods of ascertaining area in contact between a 
steel pall and steel plates, and results of tests. 


BEARINGS, THRUST 


Michell. An Air Lubricated Michell Bearing. 
Engineering, vol. 116, no. 3007, Aug. 17, 1923, p 
203, 3 figs. Notes on model constructed by Albert 
Kingsbury, consisting of two parts, a solid collar 


about 5'/s in. in diameter and 1 in. thick and 
and a baseplate or stand 


Schwarz. Auto- 


weighing about 5°/¢ lb., 
on which are mounted three Michell pads, pivoted 
behind their centers of figure in accordance with 
Michell principle. 


BOILER PLANTS 


Economical Operation of. New Mac-Sim-Bar 
Boiler Plant Saves $100,000 per Year. Power vol 
58, no. 10, Sept. 4, 1923, pp. 352-356, 12 figs. How 
consumption of coal per ton of board has been re- 
duced from 2200 Ib. to about 1200 Ib., production of 
board per 24 hours increased from 1; 50 to 170 tons 
and power-house payroll cut in two, at plant of 
Mac-Sim-Bar Paper Co., Otsego, Mich. 


BOILERS 


Pulverized-Coal-Fired. Powdered Coal _Installa- 
tion, Whitaker-Glessner Plant, Wheeling Steel Corp. 
Power, vol. 58, no. 9, Aug. 28, 1923, pp. 333-334, 
4 figs. Describes powdered-coal boilers of new 
plant, and its equipment. 


BRIQUETTING 


Metal Turnings. Dust and Metal Briquetting 
Iron Age, vol. 112, no. 8, Aug. 23, 1923, p. 475, 1 
fig. De Gama process for recovery of metal turn- 
ings, blast-furnace dust and ore fines. 


CASE-HARDENING 


Steel. Carburization of Steel, B. F. Shepherd. Am. 
Soc. Steel Ly -Trans., vol. 4, no. 2, Aug. 
1923, pp. 171-196, 21 figs. Study of continued use 
carburizing compounds as it affects character of 

‘ase produced; influence of increased carburizing 
sdaaperetane: effect of time variation, influence of 
time and temperature upon character of case, and 
relationship in carburized and hardened chrome- 
vanadium steel between scleroscope hardness, carbon 
content and penetrability as measured by Brinell 
method at different zones in case. 


CAST IRON 

Pearlitic. Pearlitic Cast Iron, O. Bauer. Iron Age, 
vol. 112, no. 7, Aug. 16, 1923, p. 412. New type of 
iron castings developed in Germany; use of hot- 
sand molds affects microstructure and properties 
Abstracted and translated from Stahl u. Eisen, and 
discussed by Richard Moldenke. 


CASTINGS 


Testing Methods. New Testing Methods for Cast- 
ings, E. Ronceray. Iron Age, vol. 112, nos. 7 and 8, 
Aug. 16 and 23, 1923, pp. 393-396 and 470-473, 20 
figs. Discussion of elastic limit; modulus of elas- 
ticity; sound, compression and bar tests; compari- 
sons with Brinell hardness; transverse and shearing 
tests recommended and tension and shock tests 
condemned. Paper prescnted to Inst. Brit. Foun- 
drymen. 


CHUCKS 


Vacuum, Work-Holding. Holding Work by 
Vacuum, Charles O. Herb. Machy. (N. Y.), vol. 
30, no. 1, Sept. 1923, pp. 12-15, 8 figs. Describes 


chucks, developed by Crescent Pump Co., Detroit, 
Mich., that utilize vacuum for holding large quanti 
ties of small pieces made of either ferrous or non- 
ferrous metals, and non-metallic work such as rubber, 
fabric, wood or glass, during machining operations 


CONDENSERS, STEAM 


Testing. Testing Jet Condensers, L. Long. Power, 
vol. 58, no. 8, Aug. 21, 1923, pp. 293-296, 1 fig 
Means of locating faults. Eroded or plugged in- 
jection nozzles, high temperature of incoming water, 
corrections for vacuum and barometer readings, and 
other points which come up in jet condenser testing, 
are described. 

CORES 


Mixtures for, Reducing Cost of. Cheapens Core 
Send Mixtures, C. S. Koch. Foundry, vol. 51, no 
16, Aug. 15, 1923, pp. 665-670 and 685, 9 figs. Ex- 
periments said to indicate costs in shops making 
light steel castings can be reduced by using heap 
sand in cores; tensile-testing strength determines 
strength of dried mixtures. Paper presented be 
fore Am. Foundrymen's Assn. 


CRANES 


Gantry. Improved Gantry Cranes for the Port of 
Hamburg, Germany, E. Krahnen Eng. News-Rec 
vol. 91, no. 8, Aug. 23, 1923, pp. 296-297, 5 figs 
Describes combination swinging and _ traveling 
cranes which increase cargo-handling facilities 


DIE CASTING 


soeceme in. Solving Die-casting Problems. Machy 
Y.), vol. 30, no. 1, Sept. 1923, pp. 51-52, 5 figs 
BLD obtained at plant of Atlas Die Casting 
Corp., Worcester, Mass regarding problems of 
constructing die so as to produce casting with least 
difficulty, and obtaining accuracy in sinking die 
impression. 


DIESEL ENGINES 


Fuel-Consumption Test. Test of Diesel Fuel Con 
sumption, W. B. Gregory Power, vol. 58, no. 8, 
Aug. 21, 1923, pp. 285-286, 2 figs Account of test 
undertaken for City of Crowley, La., to determine 
whether guarantees made by builders had been met 


GEARS 


Steel for. Gear Steel Automobile Engr vol. 13, 
no. 179, Aug. 1923, pp. 232-237, 13 figs Investi- 
gation of factors governing wear 


GRINDING MACHINES 


Centerless. New Centerless Grinder Iron Age, 
vol. 112, no. 8, Aug. 23, 1923, pp. 479-480, 
Shoulder and straight cylindrical work 
rapidly; 16 feed variations provided 


HYDROELECTRIC DEVELOPMENTS 


California. Hydro-Electric Developments in Cali- 
fornia. Engineering, vol. 116, no. 3007, Aug. 17, 
1923, pp. 210-212. Details of construction pro 
gram which will bring about complete electrification 
of whole of North American Pacific Coast from San 
Diego to Vancouver, and in which American and 
Canadian enterprise will coéperate. 

Hydro-Steam Electric Generation. The Paradox 
of Hydro-Steam, George Holmes Moore. Eng. 
News-Rec., vol. 91, no. 9, Aug. 30, 1923, pp. 354 
356, 5 figs. Analysis to show that energy generated 

by combined steam and hydro prime movers 

cost less than either one separately. 


INSPECTION 


Contour Measuring Projector. New Projector 
Measures Wide Range of Precision Parts Auto- 
motive Industries, vol. 49, no. 8, Aug. 23, 1923, pp. 
364-367, 9 figs. Describes contour measuring pro- 
jector, an instrument de veloped by Bausch & Lomb 
Optical Co., for visual inspection of screw threads, 
forms of gear and cutter teeth, and other parts; 
accuracy of 0.0001 in. can be attained; separate at- 
tachments make photographs. 


LABORATORIES 


Locomotive. Locomotive Testing Laboratory, Robert 
H. Moulton Machy. (N. Y.), vol. 30, no. 1, Sept. 
1923, p. 6, 2 figs. Notes on equipment of laboratory 
of Univ. of Ill.; unique locomotive which runs under 
full steam and at same time remains stationary, is 
part of equipment. ; 


LOCOMOTIVES 


Repair. Repairing Locomotives in a Mac —_ Tool 
Shop. Am. Mach., vol. 58, no. 25 and vol. nos 
1 and 9, June 21, July 5 and Aug. 30, i923, pp. 
893-896, 11-13 and 317-319, 26 figs. June 21: 
Shop located on main line; cranes and other handling 
equipment; all classes of locomotive repairs handled. 
July 5: Rod, valve and motion work; worn guides, 
crossheads and pistons built up with manganese 
bronze; welding broken frames. Aug. 30: portable 
floor and cylinder boring machines; repairing driving 
boxes; minor boiler repairs. 


3 figs 
ground 


can 


Vou. 45, No. 10 


MOTOR TRUCKS 


6-Ton. 6-Ton Motor Vehicle for Service at High 
Altitudes. Engineering, vol. 116, no. 3005, Aug. 3, 
1923, p. 140, 14 figs. on supp. plate. Describes 
vehicle built by Halley's Industrial Motors, Ltd., 
Glasgow, for use at tin mines of Bolivia; has to work 
at altitudes of from 11,000 ft. to 15,800 ft. above 
sea level; six-cylinder engine of 5-in. bore and 6'/2 
in. stroke, which gives Treasury rating of 00) hp. and 
normal running speed is 1000 r.p.m. 


OIL ENGINES 


Kerosene. Two-Cylinder Parafin Lighting Set. En- 
gineer, vol. 136, no. 3528, Aug. 10, 1925. p. 158, 2 
figs. New Type of oil-engine-driven electric lighting 
set, having capacity of 10 kw. at 105 volts, and 
driven by engine similar to those made by same firm 
for motor boats. 


PUMPING PLANTS 


Bristol, England. The Cheddar Pumping Station 
Engineering, vol. 116, no. 3007, Aug. 17, 1924, pp 
199-201, 3 figs Data on station recently installed 
by Bristol Waterworks Co. to increase quantity of 
water available; contains three main pumping sets 
each consisting of a 5-stage Mather & Platt turbine 
pump geared to a 2-cylinder Ruston & Hornsby 
horizontal cold-starting airless-injection oil engine 


RAILWAY REPAIR SHOPS 


Special Tools for. Special Tools in the Great North 
ern Shop, Frank C. Hudson Am. Mach., vol. 59 
no. 10, Sept. 6, 1923, pp. 351-353, 6 figs Describes 
devices that save labor and expense in a railway 
repair shop 


SEMI-STEEL 


Chemical Control. The Role of Chemistry in Semi 
Steel, J. E. Bock. Iron Age, vol. 112, no. 7, Aug 
16, 1923, pp. 397-398. Chemical control of both 
raw materials and finished product necessary; role 
of combined carbon; effect of other element 

Mechanical Characteristics. Mechanical Chara 
teristics of Casting, Albert Portevin. Iron Age 
vol. 112, no. 10, Sept. 6, 1923, pp. 610 614, 8 fig 
Examination of semi-steel tensile and compressive 
strength, elasticity and shearing resista con 
pared with its hardness; considers also semi-hard 
steel. Translation 


STEAM ACCUMULATORS 
High-Pressure. The Steam Accumulator and It 


Applications Power vol. 58, no. 9, Aug 2s, 1923 
pp. 322-326, 8 figs Describes construction 
pressure accumulator and shows how 
capacities, ete., are figured; some 
tuons 


STEAM TURBINES 


Disks, Stresses in. Rotating Disk 
Profile, B. Hodkinson Engineering, \ 16, me 
3009, Aug. 31, 1923, pp. 274-275, 3 fig Give 
table which forms basis of practical method d 
scribed of determining stresses in such disks; point 
out that for any given loading boundry stresses can 
without any simplification or further assumptior 
be put in by trial, easily 
and this complete 


disk. 


a ig -Exhaust, Tests on. Tests of the 15,008 
Kw. “Multiple Exhaust’’ Turbine at Dalmarnc 
Engineering, vol. 116, no. 3009, Aug 1, 1923, 7 
4, 2 figs Results achieved with O-k w 
18, 750-kw. turbine at Glasgow Corp. Power Stati 
Deimarnock, where R. B. Mitchell had the ent 
prise to install this large unit in which K. Bauman: 
multiple exhaust was embodied. 


STEEL CASTINGS 
Battleship Turret Track. Steel Turret Track Ca 


ings, S. W. Brinson Foundry, vol. 51, no. 16, Au 
15, 1923, pp. 645-648 and 64, 8 figs Methods and 
equipment adopted in Navy Yard foundry for mo 
ing, pouring and annealing battleship casting 
signed to meet severe chemical and physical spec 
cations. 
ates Treatment. Heat Treating Improves Castin; 
. E. Lorenz. Iron Trade Rev., vol. 73, no 
in 23, 1923, pp. 534-535, 2 figs Excellent 
sults obtained with chrome-nickel steels. treatm« 
exaggerates good and bad properties of mater 
more research on special alloy steel castings need 
as their demand increases (Abstract Pa 
presented before Am. Foundrymen’'s Assn 
Preliminary Strengthening Treatment 

Steel Castings Tough as Forgings, L 

Iron Age, vol. 112, no. 7, Aug. 16, 1923 
2 figs. Preliminary treatment to produ 
geneity in austenite essential to ideal meta 
alloying elements may be used to advanta, 


STEEL, HEAT TREATMENT OF 

Annealing Sheet Steel. The Annealing of 5! 
Steel, Francis G. White. Am. Soc. Stee! Treatin,s 
Trans., vol. 4, no. 2, Aug. 1923, pp. 121-139 a 
216-217, 18 figs. Discusses annealing of 
carbon sheet steel from mill standpoin r 
growth caused by slow cooling rate from annea 
temperature is shown in photomicrographs. furnac« 
designs, temperature curves, and stamping t 
outline of general practice in one plant. 


TOOLS 


Hardened, Production of. Tool Room Treu! 
A. H. Kingsbury. Am. Soc. Steel Treating —Trat 
vol. 4, no. 2, Aug. 1923, pp. 197-215. Review 
various factors involved in production of harder 
tools; discusses marking of various grades of st« 
design, machining strains, heat treating, prop« 
hardening range, quenching speeds, drawing 
spots and similar troubles, vanadium as alloying 
element, and grinding practice. 
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